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REMARKS 



This Preliminary Amendment amends the originally-filed specification of the 



above-referenced U.S. application, via a substitute specification, to refer to and claim 
priority from Japanese Patent Application No. 2003-194913 filed July 10, 2003, pursuant 
to 37 C.F.R. § 1 .78(a)(2). In addition, the original specification has been amended to 
remove minor informalities from the translation of the originally-filed international 
application. A marked-up comparison illustrating changes between the originally-filed 
specification and the substitute specification is enclosed herewith. 



(translation in English provided herewith) have been cancelled without prejudice, and new 
claims 69-298 have been added to provide many of the originally filed claims 1-68 in an 
appropriate form for prosecution before the U.S. Patent and Trademark Office, and not 
due to any reason of patentability. Accordingly, claims 68-198 are now under 
consideration in the above-identified application. The amendments to the specification 
and new claims do not add new matter to the application. 

Applicants assert that the present invention is new, non-obvious, and useful. 
Prompt consideration and allowance of the pending claims are respectfully requested. 
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TO ALL WHOM IT MAY CONCERN: 

Be it known that WE, Hirofumi MAI, Naoya HAMADA, Motoi KJDO, 
Tatsuhiko SAKAI, Atsushi SUGIHASHI, Hideyuki HAMAMURA citizen(s) of Japan, whose 
post office address is c/o Nippon Steel Corporation Technical Development Bureau, 20-1, 
Shintomi, Futtsu-shi, Chiba 293-8511 Japan; and Satoshi YAMAGUCHI citizen of Japan, whose 
post office address is c/o Nippon Bunri University School of Engineering, 1727-162, Oaza- 
Ichigi, Oita-shi, Oita 870-0397, Japan; have invented an improvement in 

SEMICONDUCTOR LASER DEVICE AND 
SOLID-STATE LASER DEVICE USING SAME 

CROSS-REFERENCE TO RELATED APP LICATIONS 

[0001] This application claims priority under 35 U.S.C. S 119 from Japanese Patent 
Application No. 2003-194913 filed on Jnlv 10. 2003. the entire disclosure of which is 
incorporated herein hv reference. 

BACKGROU N D FIELD OF THE INVENTION 

+r Fi e ld of the Invention 

[00021 fWWLr-The present invention relates to a beam converte r capable of being used for a 
laser diode stack array and a laser device that is capable of u sing that such beam converter. The 
present invention further relates to a semiconductor laser condenser fe rcapable of condensing 
semiconductor laser beams to a fine spot and a semiconductor laser pumped solid-state laser 
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device for pumpin g configured to pump a beam of a solid-state laser element by semiconductor 
laser beams. A laser diode and a semiconductor laser is the same meanings here. 
2r D e scription of th e R e lat e d Art 

BACKGROUND INFORMATION 

[00031 [0002] At th e pr e s e nt tim e , lm e arj Lkigar arrays of semiconductor lasers comprised of 
active layer stripes of semiconductor lasers arranged one dimensionally and having a continuous 
wave (CW) output of about 50W ar ehave been available. Linear arrays of semiconductor laser, 
for example as shown in FIG. 1, comprise from 10 to several tens of stripes with ends of widths 
of 100 (im to 200 nm serving as emitters arranged at fixed intervals in a plane over a total width 
of 1 cm. 

[00041 [0003] By stacking several of these semiconductor laser linear arrays to form a 
two-dimensional array as shown in FIG. 2, it is possible to easily obtain an increased output. 
Such a two-dimensional semiconductor laser array is called a "semiconductor laser stack array" 
or a "semiconductor laser stack bar". Ones with kW class outputs are available on the market. If 
it were possible to directly condense the laser beams of the stack array using an optical system so 
as to obtain a sufficiently fine spot, it should b e is likely possible to use i tsuch laser beams for a 
various applications such as laser materials processing. 

[00051 [000 4 ] It i smay be possible to obtain from a single semiconductor laser stack array a 
light source comprised of line segments arranged in a two-dimensional array emitting (10 to 
several tens) x n number of laser beams where n is the number of stack layers. Further, a high 
output semiconductor laser such as a quasi-CW semiconductor laser give sprovides a light source 



SUBSTITUTE SPECIFICATION 

NY02:4 9147 3.1 -491591.1 



A36197 074224.0133 
PATENT 



with a large number of emitters arranged densely, with emission beams mixing with emission 
beams from adjoining lasers right after emission, and with substantially consecutive linear light 
sources arranged corresponding to the number of stack layers. 

[0006] {00©5)-Each stripe beam is emitted from a linear light source. The beam divergence 
angle has a large vertical component <|> with respect to the active layer of about 40° to 50° and a 
small parallel component 0 of about 10°. Below, the large divergence angle direction 
perpendicular to an active layer will be called the "fast axis", while the small divergence angle 
direction parallel to an active layer will be called the "slow axis". The width of the emission 
light source is a narrow one of not more than 1 jum at the fast axis side and a broad one of 100 
jwn to 200 |iim as explained above at the slow axis side. 

[00071 {0006f-For example, consider a laser diode (HLDH) stack array comprised of several 
stacked linear arrays each comprised of 12 stripes of thicknesses of 1 |im and widths of 200 |im 
arranged at a pitch of 800 (im. The slow axis component of a stripe beam has a beam divergence 
angle of 10°, so adjoining stripe beams become superposed with each other at 3.4 mm from the 
emitter ends of the stripes. When placing a lens after this superposition, part of the beams 
become beams having angles with respect to the axis of the lens and are focused at points 
different from the focal point of the focusing lens, so the efficiency of the system is lowered. 
[00081 fQQQTJ-Therefore. in order to collimate the beams emitted from the stripe arrays using a 
microcylindrical lens array, it is necessary to place a lens (focal length fl<3.4 mm) at a close 
position of within 3.4 mm. If multiplying the magnification (f2/fl) determined by the 
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combination with the focal length f2 of the condensing lens for condensing the collimate beams 
with the width of the stripes to find the focused spot diameter, it inevitably becomes large. 
[0009] {0008]-In this way, in the past, it was difficult to concentrate the emission laser beams 
of an LD stack bar giving a light source comprised of line segments arranged in a two- 
dimensional array to a small area with a high density. To utilize a£hfi LD stack array for laser 
processing or medical applications, which account for the major part of industrial applications for 
high power lasers, some special means is required for concentrating the beam energy in a narrow 
region. 

[001 01 [0009] Further, if att e mptin g an attempt is made to use a semiconductor laser stack 
array as a pumped light source of a solid-state laser T £as e xplain e d described above), since the 
width of the array is about 1 cm, it wasma^ notjbg possible to focus a plurality of b eams to a 
single spot using an ordinary lens system and the high pumping efficiency end pumping system 
eetridmax not be used, so application was previously only possible for side pumping systems. 
On the other hand, for the end pumping system in which pumping light comes from the direction 
of optical axis of the solid-state laser, it is possible to obtain high efficiency single fundamental 
lateral mode oscillation by matching the pumping space by the semiconductor laser output beams 
with the mode space of the solid-state laser oscillation. 

[0011] {OOWf-Further, matching of the pumping space i scan be important in a double clad 
fiber laser, considered an advanced form of an end pumped solid-state lase r, as w e ll . A double 
clad fiber laser can also be considered a high efficient brightness raising device, but the input 
aperture of the pumping light is a narrow some 600 jam x 240 jam, so for obtaining a higher 



SUBSTITUTE SPECIFICATION 

NY02: 49H73.1 -491591.1 



A36197 074224.0133 
PATENT 



output, a special meaftSfliaj: was r e quir e d previouslv used for concentrating the rather high level 
semiconductor laser beams. 

SUMMARY OF THE INVENTION 

[00121 [0011] In view of the above problems, an obj e c t one of the objects of the present 
invention is to provide a novel beam converter used for a semiconductor laser device using a 
semiconductor laser stack array a and able to raise the energy density by making the focal point of 
the semiconductor laser device extremely small and to provide a semiconductor laser device 
using this beam converter to raise the energy density at the focal point of the semiconductor laser 
device using a semiconductor laser stack array. 

[00131 [0012] Still anothe r Another object of the present invention is to provide a powerful 
semiconductor laser pumped solid-state laser device using the above semiconductor laser device. 
[001 4] [0013] Th e An exemplary embodiment of the present invention selve scan solve the 
above -described problems and has as its gist th e following. Note that in th e d e scriptioiu ^JEgL 
the purposes of describing the exemplary embodiments of the present invention, "in front" 
means th e can mean a focal point side . Furth e r, to facilitat e und e rstanding,^ ^^ the reference 
numerals of the examples are shew mndicated in parentheses. 
[001 4 ] f4 A s e miconductor las e r d e vic e provid e d with: 

[0015] Therefore, an exemplary embodiment of a semiconductor laser device according 
to the present invention includes a laser diode stack array provided with a plurality of emitters, 
extending long in a first direction of emission of laser beams, adapted to be arranged linearly in 
the first direction and arranged in a plurality of rows and emitting a group of laser beams having 
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laser beam elements arranged in a two-dimensional array s The laser device also includes a 
first condenser provided in front of the laser diode stack array and bending and 
collimating the gro up of laser beams for every row in a second direction substantially at 
right angles to the first direction. Further, the laser device includes a first beam converter 
provided in front of the first condenser, and adapted to receive a group of laser beams 
collimated in the second direction, and configured to emit the laser beams converted to a 
substantially ladder rung configuration group of laser beams extending in the first 
direction for every row. 

[0016] a first cond e ns e r (20) provid e d in front of th e las e r diod e stack array and bending and 
collimating the group of las e r b e ams for e very row in a s e cond dir e ction substantially at right 
angl e s to th e first dir e ction; 

[0017] a first beam convert e r (30) provided in front of the first cond e ns e r (20), r e ceiving th e 
group of laser b e ams collimat e d in th e s e cond dir e ction, and e mitting it convert e d to a 
substantially ladder rung configuration group of laser b e ams e xt e nding in the first dir e ction for 
e v e ry row; 

[00161 fOOlSJ -According to this exemplary embodiment, a second condenser (80)£anJb£ 
provided in front of the first beam converte r GOV b e nding and collimatin g . which is adapted to 
bend and collimate the group of laser beams output from the first beam converter (30) in a 
second direction substantially at right angles to the first direction for every row, and 
ttsm gcon figured to use each with center axes offset by exactly predetermined amounts to 
convert them to beams emitted from approximately the same object by generating an angular 
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change of the optical axesf, 




vice includes a first beam compressor 



that is capable of receiving the group of laser heams output from the second condenser, and 
emitting them converted to a compressed substantially ladder rung configuration group of 
laser heams with shortened ladder rung intervals and extending in the first direction of the 
plurality of rows, A third condenser can also be provided for condensing the group of laser 
beams output from the first beam compressor. 

[0019] a first beam compr e ssor ( 4 0) r e c e iving th e group of laser beams output from th e s e cond 
condens e r (80) and e mitting it conv e rt e d to a compress e d substantially ladd e r rung configuration 
group of las e r b e ams with short e n e d ladd e r rung intervals and e xt e nding in the first dir e ction of 
th e plurality of rows; and 

[0020] a third cond e ns e r (70) for cond e nsing th e group of las e r b e ams output from th e first 
beam compressor ( 4 0). 

[0021] A s e miconductor las e r d e vice provid e d with: 

[0017] [0022] on e ofAnother exemplary embodiment of a semiconductor laser device 
according to the present invention can include a laser beam array or a laser diode stack array 
provided with a plurality of emitters , e xtending lon g . The emitters can extend in a first 
direction of emission of laser beams, teand may be arranged linearly in the first direction and- 
arranged in a plurality of rows and emitting a group of laser beams having laser beam elements- 
arranged in a two dim e nsional array and a las e r diode stack array provid e d with a plurality of 
emitt e rs, e xt e nding long in a first direction of e mission of las e r b e ams, to b e arrang e d linearly 
dens e ly in th e first dir e ction and arrang e d in a plurality of rows and e mittin g . The lase beam 
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elements can he arranged in the t wo-dimensio nal array. The emitters mav can emit a group 
of laser beams comprised of laser beams substantially continuing linearly arranged in a plurality 
of rowsf 4 

[0023] a first cond e ns e r (20) provid e d in front of the las e r diod e stack array and bending and 
collimating the group of laser b e ams for e v e ry row in a s e cond dir e ction substantially at right 
angl e s to the first dir e ction; 

r00181 fQQ24]-A first condenser may also be provided in front of the laser diode stack 
array, and adapted to bend and collimate a group of laser beam s for every row in a second 
direction substantially at right angles to the first direction. The laser device mav also 
include a first beam converter-(3©) provided in front of the first condenser, dividing the group of 
laser beams in each row, providing in each row in parallel optical elements for bending the axes 
of the cross-sections of the laser beam units to substantially right angles using as units the 
divided pluralities of laser beams, receiving the group of laser beams collimated in the second 
direction, rotating the axes of the cross-sections of the laser beam units for each optical element, 
and emitting the beams as a substantially ladder rung configuration group of laser beams 
extending in the first direction using the divided pluralities of laser beams as unitsf 4 
[0019) [0025] aA second condenser {8Q 4mav be provided in front of the first beam converter, 
bending and collimating the group of laser beams output from the first beam converter-(3©) in a 
second direction substantially at right angles to the first direction for every row, and using each 
with center axes offset by exactly predetermined amounts to convert them to beams emitted from 
approximately the same object by generating an angular change of the optical axes f. In addition. 
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a first beam compressor is provided which is adapted to receive the group of laser beams 
output from the second condenser, and emit the beams converted to a substantially ladder 
rung configuration group of laser beams with shortened ladder rung intervals and 
extending in the first direction of the plurality of rows. The laser device also includes a 
third condenser configured to condense the group of laser beams output from the first 
beam compressor. 

[0026] a first b e am compr e ssor ( 4 0) rec e iving the group of las e r b e ams output from the second 
cond e ns e r (80) and emitting it conv e rt e d to a substantially ladd e r rung configuration group of 
las e r b e ams with short e n e d ladd e r rung int e rvals and e xt e nding in th e first direction of th e 
plurality of rows; and 

[0027] a third condens e r (70) for cond e nsing th e group of laser b e ams output from th e first 
beam compr e ssor ( 4 0). 

[0028] {3} A s e miconductor las e r d e vic e provid e d with: 

[00201 fOQ24H-Still another exemplary embodiment of a semiconductor laser device 
according to the present invention can include a laser diode stack array provided with a 
plurality of emitters, extending long in a first direction of emission of laser beams, te-beand, 
capable of being arranged linearly in the first direction and arranged in a plurality of rows* and 
e mittin g configured to emit a group of laser beams having laser beam elements arranged in a 

array and bending and collimating the group of laser beams for every row in a second 
direction substantially at right angles to the first direction. Tn addition , th elaser device 
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mav include a first beam converter provided in front of the first condenser, which is 
adapted to receive the group of laser beams collimated in the second direction, and emitting 
it converted to a substantially ladder rung configuration group of laser beams extending in 
the first direction for every row: 

[003Q] a first condens e r (20) provid e d in front of th e la se r diod e stack array and bonding and 
collimating th e group of las e r b e ams for e very row in a s e cond dir e ction substantially at right 
angles to th e first dir e ction; 

[0031] a first beam convert e r (30) provid e d in front of the first condens e r (20), r e c e iving th e 
group of laser b e ams collimat e d in th e second direction, and e mitting it conv e rt e d to a 
substantially ladder rung configuration group of las e r b e ams e xt e nding in th e first direction for 
ev e ry row; 

[0032] a s e cond cond e ns e r (80) provided in front of th e first b e am convert e r (30) and b e nding 
and collimating th e group of las e r b e ams output from th e first b e am conv e rter (30) in a s e cond 
dir e ction substantially at right angl e s to th e first direction for e v e ry row; 

[0033] a first beam compr e ssor ( 4 0) r e ceiving th e group of las e r b e ams output from th e s e cond 
cond e ns e r (80) and e mitting it conv e rt e d to a compr e ss e d substantially ladd e r rung configuration 
group of las e r b e ams with short e n e d ladder rung int e rvals and e xtending in th e first dir e ction of 
th e plurality of rows; 

[0021] [003 4 ] an angl e eh ang e r A second condenser can also he provided in front of the 
first beam converter, and adapted to bend and collimate the group of laser beams output 
from the first beam converter (30) in a second direction substantially at right angles to the 
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first direction for every row. The laser device further includes a first beam compressor 

emitting the beams converted to a compressed substantially ladder rung configuration 
group of laser beams with shortened ladder rung intervals and extending in the first 
direction of the plurality of rows. An angle changer is also provided in front of one of the 
second condenser (8Q}-and the first beam compressor (40), capable of r eceiving the substantially 
ladder rung configuration group of laser beams extending in the first direction of the plurality of 
rows, and changing ada pted to change the center optical axes of the group of beams to the 
second direction for each row to obtain a group of beams emitted from substantially the same 
obj ectj-aftd. Further, the laser device can include a third condenser for condensing the 
group of laser beams changed in center optical axes. 

[0035] a third cond e nser (70) for condensing th e group of las e r b e ams changed in cent e r 
optical ax e s. 

{0036} {4} A s e miconductor las e r d e vic e provided with: 

100221 [0037] one ofYet ano t her exemplary embodiment of a semiconductor laser device 
according to the present invention can include (ft a laser diode stack array provided with a 
plurality of emitters, extending long in a first direction of emission of laser beams, to be arranged 
linearly in the first direction and arranged in a plurality of rows and emitting a group of laser 
beams having laser beam elements arranged in a two-dimensional arrav-and. or fift a laser diode 
stack array provided with a plurality of emitters, extending long in a first direction of emission of 
laser beams, to be arranged linearly densely in the first direction and arranged in a plurality of 
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rows and emitting a group of laser beams comprised of laser beams substantially continuing 
linearly arranged in a plurality of rows.. A first condenser mav he provided in front nf the 
laser diode stack array and bending, and collimating the g,roup o f laser heams for every row 
in a second direction substantially at right angles to the first direction. A first heam 
converter mav he provided in front of the first condenser, so as to divide the grou p of laser 
heams in each row, providing in each row in parallel optical elements for bending the axes 
of the cross-sections of the laser heam units to substantially right angles using as units the 
divided pluralities of laser heams. receive the groun of laser heams collimated in the second 
direction, rotating the axes of the cross-sections of the laser heam units for each optical 
element, and emit the heams as a substantially ladder rung configuration group of laser 
beams extending in the first direction using the divided pluralities of laser heams as units. 
The laser device mav also include a second condenser p rovided in front of the first heam 
converter, and configured to bend and collimate the group of laser heams output from the 
first heam converter in a second direction substantially at right angles to the first direction 
for every row. A first heam compressor mav also be provided to receive the group of laser 
heams outnut from the second condenser, and emit the heams converted to a substantially 

ladder rung configuration group of laser beams with shortened ladder rung intervals and 
extending in the first direction of the plurality of rows. An angle changer mav he provided 
in front of the second condenser or the first heam compressor, which is adapted to receive 
the substantially ladder rung configuration group of laser heams extending in the first 
direction of the plurality of rows, and change the center optical axes of the group of heams 
to the second direction for each row to obtain a group of heams emitted from substantially 
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the same object FUrther the laser device may include a third condenser configured to 
condense the group of laser beams, 

[0038] a first cond e ns e r (20) provid e d in front of th e las e r diod e stack array and bonding and 
collimating the group of las e r b e ams for ev e ry row in a s e cond dir e ction substantially at right 
angles to th e first dir e ction; 

[0039] a first b e am conv e rt e r (30) provid e d in front of th e first cond e ns e r (20), dividing th e 
group of las e r b e ams in e ach row, providing in each row in parallel optical e lem e nts for b e nding 
th e ax e s of the cross s e ctions of th e las e r b e am units to substantially right angl e s using as units 
th e divid e d pluraliti e s of laser b e ams, r e c e iving th e group of las e r b e ams collimat e d in the s e cond 
dir e ction, rotating th e ax e s of the cross s e ctions of the las e r b e am units for e ach optical e lem e nt, 
and e mitting th e beams as a substantially ladd e r rung configuration group of las e r b e ams 
e xt e nding in th e first dir e ction using the divid e d pluralities of las e r b e ams as units; 
{0040} a s e cond condens e r (80) provided in front of th e first b e am conv e rt e r (30), b e nding and 
collimating the group of las e r b e ams output from the first b e am convert e r (30) in a s e cond 
direction substantially at right angles to th e first dir e ction for e v e ry row; 

[00 4 1] a first b e am compr e ssor ( 4 0) rec e iving th e group of las e r b e ams output from th e s e cond 
cond e ns e r (80) and e mitting it conv e rt e d to a substantially ladder rung configuration group of 
las e r b e ams with short e n e d ladd e r rung int e rvals and e xtending in th e first dir e ction of th e 
plurality of rows; 

[00 4 2] an angle chang e r provid e d in front of one of th e s e cond cond e nser (80) and th e first 
b e am compr e ssor ( 4 0), r e ceiving th e substantially ladd e r rung configuration group of las e r b e ams 



SUBSTITUTE SPECIFICATION 

NY02:4 91 4 73.1 -491591.1 



A36197 074224.0133 
PATENT 



e xtending in th e first dir e ction of th e plurality of rows, and changing the c e nter optical axes of 
th e group of b e ams to th e s e cond dir e ction for e ach row to obtain a group of b e ams e mitt e d from 
substantially the sam e obj e ct; and 

[00 4 3] a third cond e ns e r (70) for cond e nsing th e group of las e r b e ams. 

[002.11 [00 44 ] [5] A s e miconductor las e r d e vic e as set forth in [3] or [ 4 ], wh e r e in one 

e fAccording to a further exemplary embodiment of the present invention, the second 

condenser (80) andfl r the first beam converter ( 4 0) and th e angl e chang e r ar e form e d£ anJ2£ 

integrally formed with the angle changer. 

[00 4 5] {€] A s e miconductor las e r d e vic e provid e d with: 

{0046} a- 

[0024] Yet another exemplary embodiment of a semiconductor laser device according to 
the present invention can include a laser diode stack array provid e d with a provided with a 

plurality of emitters, extending long-m-a-jn^first direction of emission of laser beams, te- 
b ecapahle of being arranged linear1v-m-4he - in the first direction-ffi^jnd^arranged-^n-a-Jn^ 
plurality of rows aaehafllLenritting a group of laser beams having laser beam elements arranged- 
m-ar jnjLtwo-dimensional arrayt 

[00 4 7] a-. A first condenser (20) provided in front of th e mav be provided front of the laser 
diode stack array-and- i= and =B bending and-jiniLcollimating the group of laser beams for every row- 
in-a-jtt^second direction substantially at right angles to the first direction^ 
{0048} a- !fe A a first beam converter (30) provided in front of th e first mav be provided in front 
of the first condense r (20Y r e c e iving the group of laser b e ams - so as to receive the group of 
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laser beams collimated-m-4he - in the second direction. and emitting it and emit the beams 
converted to a substantially ladder rung configuration group of laser beams extending in th e first . 
in the first direction for every rowf 

[00 4 9] a s e cond cond e ns e r (80) provid e d in front of th e first beam converter (30) and bending 
and collimating th e group of las e r b e ams . A second condenser mav be provided in front of 
the first beam converter so as to bend and collimate the group of laser beams output from 
the first beam converte r (30) in a s e cond in a second direction substantially at right angles to the 
first direction for every rowj-aad 

{0050} a -. The laser device also mav include a third condenser (70) for r e c e iving th e group 
of las e r b e ams adapted for receiving the group of laser beams output from the second 
condenser (&©)(80), forming images, and r e duc e th e and reducing the distance between rows. 
[0051] £?} A s e miconductor las e r d e vice provid e d with: 
[0052] one of 

[00251 A firther exemplary embodiment of a semiconductor laser device according to the 
present invention can include (fi a laser diode stack arra y provid e d provided w ith a plurality 
of emitters, extending long m-^injLfirst direction of emission of laser beams, to-be -capable of 
being arranged linearly4n-the-jnjh£ = first direction-anekaniarranged m-a-iBLa=,plurality of rows 
and e mitting a group of las e r beams and emitting a group of laser beams h aving laser beam 
elements arranged in a two dim e nsional array and a las e r diod e stack array provid e d with a 
plurality of e mitt e rs, e xt e nding long in a first dir e ction of emission of las e r b e ams, to b e arrang e d 
linearly d e ns e ly in th e first dir e ction and arrang e d in a plurality of rows and e mitting a group of 
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las e r beams in a two-dimensional array, or (ift a laser diode stack array provided with a 
plurality of emitters, extending long in a first direction of emission of laser beams, and 
capable of being arranged linearly densely in the first direction, provided in a plurality of 
rows, and emitting a group of laser beams comprised of laser beams substantially continuing 
linearly arranged in a plurality of rows; 

[0053] a first cond e ns e r (20) provided in front of th e laser diod e stack array and b e nding and 
collimating th e group of las e r b e ams in a plurality of rows; 

100261 The laser device according to this exemplary embodiment mav include a first 
condenser provided in front of the laser diode stack array, and adapted to bend and 
collimate the group of laser beams for every row in a second direction substantially at right 
angles to the first direction^ 

[005 4 ] a first . A first beam converter (30) provid e d in front of th e first mav he provided in 
front of the first condenser-teffi^ thus dividing the group of laser beams in each row, providing 
in each row in parallel optical elements for bending th e bending the axes of the cross-sections of 
the laser beam units to substantially right angles using as units the divided pluralities of laser 
beams, r e c e iving the group of las e r b e ams receiving the group of laser beams collimated in the 
second direction, rotating the axes of the cross-sections of the laser beam units for each optical 
element, and emitting the b e ams as a and emitting the beams as a substantially ladder rung 
configuration group of laser beams extending in the first direction using the divided pluralities of 
laser beams as unitsf 
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[0055] a s e cond cond e nser (80) provid e d in front of th e first beam conv e rt e r (30) and bending 
and collimating the group of laser boams. A second condenser may be provided in front of the 
first beam converter, and adapted to bend and collimate the group of laser beams output 
from the first beam converter (30) in in a second direction substantially at right angles to the first 
direction for every row ; and 

[0056] . Further, a third condenser (70} for r e c e iving the group of las e r b e ams, may be 
provided for receiving the group of laser beams, forming images, and r e ducing th e ^ antL 
reducing the distance between rows. 

[0057] {%] A s e miconductor laser d e vic e provid e d with: 

[005 8 ] a las e r diod e stack array provid e d with a plurality of e mitters, e xtending long in a first 
dir e ction of e mission of las e r b e ams, to b e arrang e d lin e arly in th e first direction and arrang e d in 
a plurality of rows and e mitting a group of laser b e ams 

[0027] Still further exemplary embodiment of a semiconductor laser device according to 
the present invention can include a laser diode stack array provided with a plurality of 
emitters, extending long in a first direction of emission of laser beams, to he arranged 
linearly in the first direction and arranged in a plurality of rows and emitting a group of 
laser beams h aving laser beam elements arranged m-a-inJLtwo-dimensional arrayt 
{0059} a first cond e ns e r (20) provid e d in front of the laser diod e stack array and b e nding and 
collimating tho group of laner beams, A first condenser mav he arranged in front of the laser 
diode stack array and bending, and adapted to collimate the group of laser beams for every 
row in a second direction substantially at right angles to the first direction^ 
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{0060} a first b e am conv e rt e r (30) provid e d in front of th e first cond e ns e r (20), r e c e iving the 

group of laser beams , A first beam converter may be provided in front of the first 

condenser, thus receiving the group o f laser beams collimated in the second direction,-aftd- 
e mitting it convert e d to a and emitting the beams converted to a substantially ladder rung 
configuration group of laser beams extending in the first direction for every rowf 
[0061] a s e cond cond e ns e r (80) provid e d in front of th e first beam convert e r (30) and b e nding 
and collimating the group of las e r beams, A second condenser may be provided in front of 
the first beam converter, and configured to hend and collimate the group of laser beams 
output from the first beam converter (30) in a-^Lsecond direction substantially at right angles to 
the first direction for every rowf 

[0062] a-fcAJburth condenser (71) provid e d in front of the mav he provided in front of the 
second condense r (80V r e ceiving th e . and provided for receiving the substantially ladder rung 
configuration group of laser beams extending in th e first dir e ction of th e plurality of in the first 
direction of the plurality of rows, forming images, and reducing the and reducing the distance 
between rows ; and 

[0063] a-. The laser device can include a third condenser (70) for furth e r r e ducing and for. 
further reducing and r eforming the image from the fourth condenser-£7±)r 
{0064} {9] A s e miconductor las e r devic e provid e d with: 

{0065} on e of a las e r diod e stack array provid e d with a plurality of e mitt e rs, e xtending long in 
a first dir e ction of emi ss ion of las e r beams, to b e arranged lin e arly in th e first dir e ction and 
arrang e d in a plurality of rows and e mitting a group of las e r b e ams having las e r b e am e l e m e nts 



SUBSTITUTE SPECIFICATION 

NY02: 49H73.1 -491591.1 



-18- 



A36197 074224.0133 
PATENT 



arranged in a two dim e nsional array and a las e r diod e stack array provid e d with a plurality of 
e mitt e rs, e xt e nding long in a first dir e ction of emission of laser b e ams, to b e arranged lin e arly 
d e nsely in th e first dir e ction and arrang e d in a plurality of rows and emitting a group of las e r 
b e ams compris e d of las e r b e ams & 

[00281 Yet another exemplary embodiment of a semiconductor laser device according to 
the present invention can include (i) a laser diode stack array provided with a plurality of 
emitters, provided for extending long in a first direction of emission of laser beams, to be 
arranged linearly in the first direction and arranged in a plurality of rows and emitting a 
group of laser beams having laser beam elements arranged in a two-dimensional array, or 
(ii) a laser diode stack array provided with a plurality of emitters, extending long in a first 
direction of emission of laser beams, to be arranged linearly densely in the first direction 
and arranged in a plurality of rows and emitting a group of laser beams comprised of laser 
beamLSubstantially continuing linearly arranged in a plurality of rows; 

{0066} a first cond e ns e r (20) provided in front of th e las e r diod e stack array and b e nding and 
collimating the group of las e r b e ams for ev e ry row in a in a p luralit y of rows. A first 
condenser may he provided i n front of the laser d iode stack array and bending and 
collimating the group of laser beams for every row in a second direction substantially at right 
angles to the first direction^ 

[0067] a. A first beam converter (30) provided in front of th e first cond e ns e r (20), dividing th e 
mav be provided in front of the first condenser, dividing the gr oup of laser beams in each 
row, providing in each row , providing in e ach row in parallel optical elements for b e nding th e 
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bending the axes of the cross-sections of the laser beam units to substantially right angles using 
as units the divided pluralities of laser beams, r e c e iving th e receiving the gr oup of laser beams 
collimated in th e in the second direction, rotating the axes of the cross-sections of the laser 
beam units for each optical element, and e mitting th e b e ams as a and emitting the beams as a 
substantially ladder rung configuration group of laser beams extending in th e first in the first 
direction using the divided pluralities of lase r beams as units; 

{0068} a s e cond cond e ns e r (80) provid e d in front of th e first beam conv e rter (30) and b e nding 
and collimating the beams as units, 

[00291 The laser device of this exemplary emhdoiment mav also include a second 
condenser provided in front of the first beam converter, and adapted to bend and 
collimate the g roup of laser beams output from the first beam converte r (30) in a in a second 
direction substantially at right angles4e4he-JoJh£ = first direction for every rowf 
{0069} a fourth cond e ns e r (71) provid e d in front of th e second condens e r (80), r e c e iving th e 
substantially ladd e r rung configuration group of las e r b e ams e xt e nding in th e first direction of the 
plurality of rows, forming imag e s, and r e ducing th e distanc e b e tw e en rows; and 
[0070] a third cond e ns e r (70) for furth e r r e ducing and r e forming the imag e from th e fourth 
condenser (71).. A fourth condenser may be provided in front of the second condenser, and 
adapted for receiving the substantially ladder rung configuration group of laser beams 
extending in the first direction of the plurality of rows, forming images, and reducing the 
distance between rows. Further, a third condenser can he provided for further reducing 
and reforming the image from the fourth condenser. 
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[0030] [0071] [10] A o e miconductor laser devic e as s e t forth in [8] or [9], farther provid e d 
wrt hAccording one exemplary variant of the present invention, an angle change r may also be 
provided at the image-forming plane of the fourth condenser or in its vicinity and changing the 
center optical axes of the group of beams to the second direction for each row to obtain a group 
of beams emitted from substantially the same object. 
[0072] £44} A s e miconductor las e r d e vic e provid e d with: 

100311 A further exemplary emhodiment of a semiconductor laser device according to the 
present invention can include a laser diode stack array provided with a plurality of 
emitters, extending long in a first direction of emission of laser beams, capahle of being 
arranged linearly in the first direction and arranged in a plurality of rows and emitting a 
group of laser beams having laser beam elements arranged in a two-dimensional array. A 
first condenser mav be provided in front of the laser diode stack array, and bending and 
collimatinP the group of laser beams for every row in a second direction substantially at 
right angles to the first direction. A first heam converter mav he provided in front of the 
first condenser, soa s to receive the group of laser heams collimated in the second direction, 
and emitting the lasers converted to a substantially ladder rung configuration group of 
laser heams extending, in the first direction for every row. 

100321 A second condenser can he provided in front of the first heam converter, and 
adapted for bending and collimating the group of laser beams output from the first heam 
converter in a second direction substantially at right angles to the first direction for every 
row. A first heam compressor can receive the group of laser heams output from the second 
condenser, and emit the received laser heams converted into a compressed substantially 
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ladder rung configuration group of laser beams extending in the first direction of the 
plurality of rows . A second beam compressor mav he provided in front of the first beam 
compressor, and emit the laser beams output from the first heam compressor converted 
into a group of laser beams with shortened intervals of the rows and compressed in the 
second direction of the plurality of rows. 

IQJ33I The laser device of this exemplary embodiment mav include a fourth condenser 
for receiving the beams output from the second heam compressor, and making the heam 
divergence angle in the first direction close to the heam divergence angle of the second 
direction. A third condenser mav he provided for condensing the group of laser beams 
output from the fourth condenser. 

IQ034J fOff&fAnother exemplary embodiment of a semiconductor laser device according 
to the present invention can include ffl a laser diode stack array provided with a plurality of 
emitters, extending long in a first direction of emission of laser beams, te-be-arranged linearly in 
the first direction and arranged in a plurality of rows, and capable of emitting a group of laser 
beams having laser beam elements arranged in a two-dimensional array s or (iO a laser diode 
stack arr ay provided with a plurality of emitters, extending long in a first direction of 
emission of laser beams, arranged linearly densely in the first direction and arranged in a 
plurality of rows, and capable of emitting a group of laser beams comprised of laser beams 
substantially continuing linearly arranged in a plurality of rows. A first condenser mav he 
provided in front of the laser diode stack array and bending, and configured to collimate 



the group of laser beams for every row in a second direction substantially at right angles to 
the first direction. A first beam converter mav he provided in front of the first condenser. 
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thus dividing the group of laser beams in each row, providing in each row in parallel 
optical elements for bending the axes of the cross-sections of the laser beam units to 
substantially right angles using as units the divided pluralities of laser beams, receiving the 
group of laser beams collimated in the second direction, rotating the axes of the cross- 
sections of the laser beam units for each optical element and emitting the beams as a 
substantial ly ladder rung con figuration group of laser beam s extending in the first 
direction using the divided pluralities of laser beams as units. A second condenser may be 
provided in front of the first beam converter (30) and bending and collimating the group of 
laser beams output from the first beam converter (30^ in a second direction substantially at 
right angles to the first direction for every row. 

[007 4 ] a first condens e r (20) provid e d in front of th e las e r diod e stack array and b e nding and 
collimating th e group of las e r b e ams for ev e ry row in a s e cond dir e ction substantially at right 
angl e s to th e first dir e ction; 

[0075] a first b e am conv e rter (30) provided in front of th e first cond e ns e r (20), r e ceiving the 
group of las e r b e ams collimat e d in th e s e cond dir e ction, and e mitting it conv e rt e d to a 
substantially ladd e r rung configuration group of laser beams e xt e nding in th e first dir e ction for 
e v e ry row; 

[0076] a second cond e nser (80) provid e d in front of th e first b e am conv e rt e r (30) and b e nding 
and collimating the group of laser b e ams output from the first beam conv e rt e r (30) in a s e cond 
dir e ction substantially at right angl e s to the first dir e ction for e v e ry row; 
[0077] a first b e am compr e ssor (1 10, 1 1 1) r e c e iving the group of laser beams 
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[00351 The laser device according to this exem plary embodiment also mav include a first 
beam compressor that receives the group of laser beams output from the second condenser 
f80) and e mitting it convert e d into a and emit the beams converted into a compressed 
substantially ladder rung configuration group of laser beams extending in the first direction of the 
plurality of rowst 

[0078] a- i== A fa second beam compressor (112. 113) provided in mav he provided in front of the 
first beam compresso r fl 10. Ill) and e mitting th e las e r b e ams , and adapted to emit the laser 
beams output from the first beam compresso r (110, 111) conv e rted into a group of laser b e ams 
wtih- converted into a group of laser beams with shortened intervals of the rows and 
compressed in the second direction of the plurality of rowsf 

[0079] a-^AJburth condenser (60^ for r e ceiving th e b e ams mav be provided for receiving 
the beams output from the second beam compresso r (113) and . and m aking the beam 
divergence angle in the first direction close to the beam divergence angle of the second direction^- 

una 

{©080} a-. Further, a third condenser (m-fe^mav he provided for condensing the group of 

laser beams output from the fourth condenser-(€0)7 

[00 8 1] {43} A s e miconductor las e r d e vic e provid e d with: 

[00 8 2] on e of a las e r diod e stack array provided^ 

[00361 A still further exemplary embodiment of a semiconductor laser device according 
to the present invention can include a laser diode stack array provided with a plurality of 
emitters, extending long in a first direction of emission of laser beams, to be arranged linearly in 
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the first direction and arranged in a plurality of rows and e mitting a group of laser b e ams 
emitting a group of laser beams h aving laser beam elements arranged in a two-dimensional 
arra y and a las e r diod e stack array provid e d with a plurality of e mitt e rs, e xt e nding long in a first 
direction of e mission of las e r b e ams, to b e arrang e d linearly d e ns e ly in th e first dir e ction and 
arrang e d in a plurality of rows and e mitting a group of las e r b e ams compris e d of las e r b e ams 
substantially continuing lin e arly arrang e d in a plurality of rows; 

[0083] a first cond e ns e r (20) provid e d in . A first condenser mav he provided in front of the 
laser diode stack arra y and b e nding and collimating the group of laser b e ams for e very row in a 
s e cond dir e ction substantially at right angl e s to th e first dir e ction; 

{0084} a first beam conv e rter G0^ provid e d in » and adapted for bending and collimating 
the group of laser beams for every row in a second direction substantially at right angles to 
the first direction. A first beam converter mav he provided in front of the first condenser- 
(20), dividing th e group of las e r b e ams in e ach row, providing in e ach row in parall e l optical 
e l e m e nts for b e nding th e ax e s of th e cross - s e ctions of th e laser b e am units to substantially right 
angl e s using as units th e divid e d pluraliti e s of las e r b e ams, r e c e iving th e group of las e r b e ams ^ 
and adapted for receiving the grou p of laser beams collimated in the second direction, 
rotating the ax e s of th e cross s e ctions of th e las e r b e am units for e ach optical e l e m e nt, and 
e mitting th e b e ams as a substantially and emitting the beams converted to a substantially 
ladder rung configuration group of laser beams extending in the first direction using th e divid e d 
pluraliti e s of las e r b e ams as units; 
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{0085} a s e cond condenser (80) provided in for every row. A second condenser mav also be 
provided in front of the first beam converte r (30) and bending and collimating th e group of las e r 
beams-, and configured to bend and collimate the group of laser beams output from the first 
beam converter (30) in a s e cond dir e ction substantially at right angl e s to the first dir e ction for 
e very row; 

{0086} a first b e am compr e ssor (I 10. 1 1 4) r e ceiving th e group of las e r b e ams (30^ in a second 
direction substantially at right angles to the first direction for every row. 
P*£U The laser device according to this exemplary embodiment mav also include a first 
beam compressor adapted for receiving the group of laser beams output from the second 
condenser-(80) a and e mitting it emitting the beams converted into a-a^compressed substantially 
ladder rung configuration group of laser beams with shortened ladder rung intervals and 
extending in the first direction of the plurality of rowsf 

[0087] a s e cond . A second b eam compressor H12. \ \3) provid e d in mav he provided in 
front of the first beam compresso r (110, 111) and e mitting the las e r b e ams output from th e first 
b e am compr e ssor fllO. Ill) converted into a group of laser beams . and adapted for emitting 
the laser beams converted into a compressed group of laser beams with shortened intervals 
of the rows and compress e d in th e s e cond dir e ction of th e plurality of rows; 
[0088] a fourth condens e r (60) for r e c e iving the beams output from th e s e cond b e am 
compr e ssor (113) and making th e b e am div e rg e nc e angl e in the first dir e ction clos e to th e b e am 
diverg e nc e angle of th e second dir e ction; and 
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{0089} a third cond e nr. e r (701 for extending in the second direction of the plurality of rows. 
An angle changer mav he provided inside the first beam compressor or the second beam 
compressor, and mav be configured to change the optical axis angles. A third condenser 
may be provided for condensing the group of laser beams output from th e fourth cond e ns e r 

|0090] £4-3} A -se miconductor las e r d e vic e provid e d with: 
{0094} a las e r t 

[00381 Another exemplary embodiment of a semiconductor laser device according to the 
present invention can include ffl a laser diode stack array provided w4th-a-wjlhj_plurality of 
emitters, extending long in a-fk=s4-a_fiHL<iirection 0 f emission of laser beams, te-b ewhich mav 
be arranged linearly in the first direction and arranged in a-a_plurality of rows and e mitting a 
group of las e r b e ams . and adapted to emit a group of laser beams h aving laser b e am e l e m e nts 
arrang e d in a two dim e nsional array; 

[0092] a first condemnor (20} provided in beam elements arranged in a two-dimensional 
array or flfj a laser diode stack array provided with a plurality of emitters, extending long 
in a first direction of emission of laser beams, to be arranged linearly densely in the first 
direction and arranged in a plurality of rows and emitting a group of laser heams 

comprised of laser beams substantially continuing linearly arranged in a plurality of rows. 
A first condenser mav be provided in front of the laser diode stack arra y and b e nding and 
collimating th e group of las e r b e ams for e v e ry row in a s e cond direction substantially at right 
angl e s to th e first dir e ction; 
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{0095} a first b e am conv e rt e r (30) provid e d in front of th e first cond e ns e r, rec e iving th e group 
of laser beams , and adapted for bending and collimating the group of laser beams for every 
row in a second direction substantially at right angles to the first direction. A first beam 
converter can be provided in front of the first condenser, dividing the group of laser beams 
in each row, providing in each row in parallel optical elements for bending the axes of the 
cross-sections of the laser beam units to substantially right angles using as units the divided 
pluralities of laser beams, receiving the group of laser beams collimated in the second 
direction, and e mitting it conv e rt e d to a substantially ladder rung rotating the axes of the cross- 
sections of the laser beam units for each optical element, and emitting the beams as a 
substantially ladder rung configuration group of laser beams extending in the first direction 
e v e ry row; 

[009 4 ] a second cond e ns e r fSO^ provid e d in using the divided pluralities of laser beams as 
units: 

[00391 The laser device according to the present invention may include a second 
condenser that may he provided in front of the first beam converte r (30) and b e nding and 
collimating th e group of las e r b e ams output from th e first b e am conv e rter (30) in a s e cond 
dir e ction substantially at right angl e s to the first dir e ction for e v e ry row; 

{0095} a first b e am compr e ssor (150, 151) rec e iving th e group of las e r b e ams output from th e 
s e cond cond e nser f80) and e mitting it conv e rt e d into a > so as to bend and colli mate the group 
of laser beams output from the first beam converter in a second direction substantially at 
right angles to the first direction for every row, A first beam compressor may receive the 
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group of laser beams output from the second condenser, and emitting th eheams converted 

intruLcompressed substantially ladder rung configuration group of laser beams with shorten e d 
ladd e r rung int e rvals and e xt e nding in th e first extending in the first direction of the plurality of 

rowsf 

{0096} a s e cond & 

100401 The exemplary laser device mav also include a second b eam compressor (152, 153) 
provid e d in provided in front of the first beam compresso r (150, 151) and e mitting the las e r 
b e ams conv e rt e d into a . and capable of emitting the laser beams output from the first beam 
compressor converted into a compressed group of laser beams with short e n e d with shortened 
intervals of the rows and ext e nding in th e s e cond and extending in the second direction of the 
plurality of rowsf 

[0097 ] an angl e chang e r provid e d insid e one of th e first b e am compr e ssor (150, 151) and th e 
s e cond b e am compr e ssor H50. 15H and . An angle changer mav he provided inside one of 
the first beam compressor and the second beam compressor, and changing the optical axis 
angles^and 

[0098] a third condenser (70) for , Further, a third condenser mav he provided for 

condensing the group of laser beamsr 

{0099} £±4} A s e miconductor las e r d e vic e provid e d with: 

[0100] one of a las e r diod e stack array provided with a plurality of emitt e rs, e xtending long in 
a first dir e ction of e mission of laser b e ams, to b e arrang e d lin e arly in th e first dir e ction and 
arrang e d in a plurality of rows and e mitting a group of las e r beams having las e r beam el e m e nts 
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arranged in a two dim e nsional array and a las e r diode stack array provid e d with a plurality of 
e mitters, e xt e nding long in a first dir e ction of e mission of las e r b e ams, to be arrang e d lin e arly 
densely in the first dir e ction and arrang e d in a plurality of rows and e mitting a group of las e r 
b e ams compris e d of laser b e ams substantially continuing lin e arly arrang e d in a plurality of rows; 
[0101] a first cond e ns e r (20) provid e d in front of th e las e r diod e stack array and b e nding and 
collimating th e group of las e r b e ams for e v e ry row in a s e cond dir e ction substantially at right 
angles to the first dir e ction; 

[0102] a first b e am conv e rt e r (30) provid e d in front of th e first condenser (20), dividing the 
group of las e r b e ams in e ach row, providing in e ach row in parall e l optical e l e m e nts for bending 
th e ax e s of th e cross s e ctions of th e las e r b e am units to substantially right angl e s using as units 
th e divid e d pluraliti e s of las e r beams, r e c e iving th e group of laser b e ams collimated in th e s e cond 
dir e ction, rotating th e ax e s of th e cross - s e ctions of th e las e r b e am units for e ach optical e l e m e nt, 
and e mitting th e b e ams as a substantially ladd e r rung configuration group of las e r b e ams 
e xt e nding in th e first dir e ction using th e divid e d pluraliti e s of las e r b e ams as units; 
[0103] a s e cond cond e ns e r (80) provid e d in front of th e first b e am conv e rter (30) and b e nding 

and collimating th e group of laser b e ams output from th e first b e am conv e rt e r (30) in a second 

i 

dir e ction substantially at right angles to the first dir e ction for ev e ry row; 

[0104] a first b e am compr e ssor (110, 111) r e c e iving th e group of las e r b e ams output from th e 
second condens e r (80) and e mitting it conv e rt e d into a compr e ss e d substantially ladd e r rung 
configuration group of las e r b e ams ext e nding in the first direction of th e plurality of rows; 
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[0105] a s e cond beam compressor (112, 113) provid e d in front of th e first b e am compr e ssor 
(110, 111) and e mitting th e las e r b e ams output from the first b e am compressor (110, 111) 
conv e rted into a compr e ss e d group of las e r b e ams with shorten e d int e rvals of the rows and 
e xt e nding in th e second dir e ction of th e plurality of rows; 

[0106] an angl e chang e r provid e d insid e one of th e first beam compr e ssor (110, 111) and th e 

s e cond b e am compressor (1 12, 1 13) and changing th e optical axis angl e s; and 

[0107] a third cond e nser (70) for cond e nsing th e group of las e r b e ams. 

[010 8 ] {44} A s e miconductor las e r d e vic e as s e t forth in [13] or [1 4 ], wh e r e in the b e am 

compr e ssors ar e comprised by a two dim e nsional b e am compressor (1 4 0, 1 4 1) combining th e 

functions of th e first b e am compr e ssor and s e cond b e am compressor . & 

[0041] [0109] [16] A semiconductor las e r d e vic e as set forth in [13] or [1 4 ], furth e r provid e d 
wiihAccording to o ne exemplary variant of the present invention, the beam compressors 
can include a two-dimensional beam compressor combining the functions of the first beam 
compress or and second beam compressor. In addition, a second beam converter fSQ^mav be 
provided between the first beam compressor and the second beam compressor, which is capable 
oLjeceiving the substantially ladder rung configuration group of laser beams with shortened 
ladder rung intervals and extending in the first direction of the plurality of rows, converting it to 
substantially ladder rung configuration laser beams extending in the second direction for each 
row, and as a result emitting i ithe beams converted to a single row of substantially ladder rung 
configuration laser beams with all laser beams extending in the second direction. Alternatively, 
a second beam converter mav he provided between the first beam compressor and the 
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second beam compressor, which is adapted for receiving the substantially ladder rung 
configuration group of laser beams with shortened ladder rung intervals and extending in 
the first direction of the plurality of rows, converting it to substantially ladder rung 
configuration laser beams extending in the second direction for each row, and as a result 
emitting the beams converted to a single row of substantially ladder rung configuration 
laser beams with all laser beams extending in the second direction. Such exemplary laser 
device mav also include an angle changer provided in front of the second beam converter 
and changing the center optica l axes of the group of beams to the second direction to obtain 
a group of beams emitted from substantially the same object. 
[0110] A s e miconductor las e r d e vic e as s e t forth in [16], furth e r provided with: 

[0111] a s e cond b e am conv e rt e r (50) provid e d b e tw ee n the first b e am compr e ssor and th e 
s e cond b e am compr e ssor, r e ceiving th e substantially ladd e r rung configuration group of las e r 
b e ams with short e n e d ladd e r rung int e rvals and e xt e nding in th e first dir e ction of th e plurality of 
rows, converting it to substantially ladd e r rung configuration laser b e ams e xtending in the second 
direction for each row, and as a r e sult e mitting it conv e rt e d to a singl e row of substantially ladd e r 
rung configuration las e r beams with all las e r b e ams e xt e nding in th e s e cond dir e ction and 
[0112] an angl e changer provid e d in front of th e s e cond b e am conv e rt e r (50) and changing th e 
c e nter optical ax e s of th e group of b e ams to th e s e cond dir e ction to obtain a group of b e ams 
e mitt e d from substantially the sam e obj e ct. 

[00421 [0113] [18] A s e miconductor las e r d e vic e as s e t forth in [16] or [17], further provided 
withAccording to another exemplary variant of the present invention, a fifth condenser 



SUBSTITUTE SPECIFICATION 

NY02:4 91 4 73.1 -491591.1 



A36197 074224.0133 
PATENT 



(4S4 ^ma\ be provided between the first beam compressor and the second beam converter, which 
is capable of r eceiving the substantially ladder rung configuration group of laser beams with 
shortened ladder rung intervals and extending in the first direction of the plurality of rows, and 
emitting tithe beams, and bending and collimating the laser beams of each row. The fifth 
condenser may be a cylindrical lens, 

[011 4 ] £44)} A s e miconductor las e r d e vic e as s e t forth in [18], wher e in th e fifth cond e ns e r 
(15 4 ) is a cylindrical l e ns. 

[0043] [0115] [20] A s e miconductor las e r d e vic e as s e t forth in any one of [1] to [19], furth e r 
provid e d with a shift e r provid e d b e tw ee n th e first b e am conv e rt e r and th e s e cond Tn addition, a 
shifter can be provi ded between the first beam converter and the second condenser and 
shiftin g in parall e l optical ax e s in th e second dir e ction for e ach row, in parallel optical axes in 
the second direction for each row. The shifter provided mav also he provided between the 
first condenser and the first beam converter and shifting in parallel optical axes in the 
second direction for each row. The second condenser mav he a one-dim ensional array of 
cylindrical lenses, 

[0116] {2-1-} A s e miconductor las e r d e vic e as s e t forth in any on e of [1] or [20], furth e r 
provid e d with a shift e r provid e d b e tw e en th e first condenser and the first b e am convert e r and 
shifting in parallel optical axes in th e s e cond dir e ction for each row. 

[0117] £22} A semiconductor las e r devic e as s e t forth in any on e of [1] to [21], wher e in th e 
second cond e nser is a one dimensional array of cylindrical l e ns e s. 
[011 8 ] {23} A s e miconductor las e r d e vic e provid e d with: 
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[QQ441 mm— A further exemplary embodiment of a semiconductor laser device 
according to the present invention can include a laser diode stack array provided with a 
plurality of emitters, extending long in a first direction of emission of laser beams, te-b ecapable 
of heing arranged linearly in the first direction and arranged in a plurality of rows and emitting a 
group of laser beams having laser beam elements arranged in a two-dimensional array s A first 
condenser mav he provided in front of the laser diode stack array, and configured to bend 
and collimate the group of laser beams for every row in a second direction substantially at 
right angles to the first direction, A second beam compressor can be provided in front of 
the first condenser, and adapted for receiving the group of laser beams collimated in the 
second direction, and emitting the laser beams converted into a group of laser beams with 
compressed distances between optical axes in the second direction. 

[0120] a first condens e r (20) provid e d in front of the las e r diod e stack array and b e nding and 
collimating the group of las e r b e ams for ev e ry row in a s e cond dir e ction substantially at right 
angl e s to th e first dir e ction; 

[0121] a s e cond b e am compressor (112, 113) provid e d in front of th e first cond e ns e r (20), 
r e ceiving th e group of laser b e ams collimat e d in th e s e cond dir e ction, and emitting th e las e r 
b e ams conv e rt e d into a group of las e r b e ams with compressed distanc e s b e tw ee n optical ax e s in 
the s e cond dir e ction; 

[0045] [0122] This exemplary laser device mav also include a first beam converter (50) 
provided in front of the second beam compresso r HI 2. 1 13 V configured for dividing the group 
of laser beams in each row, providing in each row in parallel optical elements for bending the 
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axes of the cross-sections of the laser beam units to substantially right angles using as units the 
divided pluralities of laser beams, receiving the group of laser beams collimated in the second 
direction and compressed in distance between optical axes in the second direction, rotating the 
axes of the cross-sections of the laser beam units for each optical element, and emitting the 
beams as a substantially ladder rung configuration group of laser beams extending in the first 
direction using the divided pluralities of laser beams as units r. A first beam compressor mav 
be provided in front of the first beam converter, and adapted for emitting the laser beams 

converted into a group of laser beams compressed in the first direction. A second 

condenser mav be provided in front of the first beam compressor, and adapted for making 
the beam divergence angle of the first direction close to the divergence angle of the second 
direction. Further, a third condenser mav be provided for condensing the group of laser 
beams. 

[0123] a first beam compr e ssor (110, 111) provid e d in front of th e first b e am conv e rter (50) 
and e mitting the las e r beams conv e rt e d into a group of las e r b e ams compr e ss e d in th e first 
dir e ction; 

[012 4 ] a s e cond cond e ns e r (60) provid e d in front of the first beam compr e ssor (110, 111) and 
making th e b e am div e rgenc e angl e of th e first direction clos e to th e div e rg e nc e angl e of th e 
s e cond dir e ction; and 

[0125] a third cond e nser (70) for condensing th e group of laser b e ams. 
[0126] {24] A s e miconductor las e r d e vice provid e d with: 
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f01271 one ofStill a further exemplary embodiment of a semiconductor laser device 
according to the present invention can include ffl a laser diode stack array provided with a 
plurality of emitters, extending long in a first direction of emission of laser beams , adapted to be 
arranged linearly in the first direction and arranged in a plurality of rows and emitting a group of 
laser beams having laser beam elements arranged in a two-dimensional array-an d. or fiO a laser 
diode stack array provided with a plurality of emitters, extending long in a first direction of 
emission of laser beams, t eadapted be arranged linearly densely in the first direction and 
arranged in a plurality of rows and emitting a group of laser beams comprised of laser beams 
substantially continuing linearly arranged in a plurality of rows f. A first condenser mav be 
provided in front of the laser diode stack array and configured for bending and collimating 
the group of laser beams for every row in a second direction substantially at right angles to 
the first direction; 

[012 8 ] a first cond e ns e r (20) provid e d in front of th e laser diode stack array and bending and 
collimating th e group of las e r b e ams for e v e ry row in a s e cond dir e ction substantially at right 
angl e s to th e first dir e ction; 

[0129] a s e cond b e am compr e ssor (112, 113) provid e d in front of th e first cond e ns e r (20), 
r e c e iving th e group of las e r b e ams collimat e d in th e s e cond dir e ction, and e mitting th e las e r 
b e ams conv e rt e d into a group of las e r b e ams with compressed distanc e s betw e en optical ax e s in 
th e s e cond dir e ction; 

[00471 f 01 301 a first beam converter (50 V The exemplary laser device m a v also include a 
second beam compressor provided in front of the first condenser, adapted for receiving the 
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group of laser beams collimated in the second direction, and emitting the laser beams 
converted into a group of laser beams with compressed distances between optical axes in 
the second direction. A first b eam converter mav he provided in front of the second beam 
compresso r (112. 113V capable of dividing the group of laser beams in each row, providing in 
each row in parallel optical elements for bending the axes of the cross-sections of the laser beam 
units to substantially right angles using as units the divided pluralities of laser beams, receiving 
the group of laser beams collimated in the second direction and compressed in distance between 
optical axes in the second direction, rotating the axes of the cross-sections of the laser beam units 
for each optical element, and emitting the beams as a substantially ladder rung configuration 
group of laser beams extending in the first direction using the divided pluralities of laser beams 
as unitS T. A first beam compressor may he provided in front of the first beam converter. 
and configured for emitting the laser beams converted into a group of laser beams 
compressed in the first direction, 

[0131] a first b e am compr e ssor (110, 111) provid e d in front of th e first b e am conv e rter (50) 
and e mitting th e las e r b e ams conv e rt e d into a group of las e r beams compress e d in th e first 
dir e ction; 

[00481 fOt^ -The exempla ry laser device mav also include a second condenser (60)- 
provided in front of the first beam compresso r (110, 1 1 l) a an d adapted for making the beam 
divergence angle of the first direction close to the divergence angle of the second direction^-and^ 
A third condenser may be provided for condensing the group of laser beams, 
[0133] a third cond e ns e r (70) for cond e nsing th e group of laser b e ams. 
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[0049] [013 4 ] [25] A s e miconductor laser d e vice as set forth in [2 4 ], furth e r provided withl fl, 
another exemplary variant of the present invention, a fifth condenser flSS'l mav be provided 
between the second beam compressor and the first beam converter , which is adapted for 
receiving a group of laser beams with distances between optical axes in the second direction 
compressed, and emitting the laser beams of each row bent and collimated in the second 
direction. The fifth condenser may be a cylindrical lens. An angle changer may also be 
provided in front of the second beam compressor, and the angle changer may be adapted 
for changing the center optical axes of the group of beams to obtain a group of beams 
emitted from substantially the same object The angle changer mav he an inclined 
transparent plate, an array of wedge prisms, an array of cylindrical lenses and/or a 
segment type reflection mirror. 

[0135] {26} A s e miconductor las e r d e vic e as s e t forth in [25], wh e r e in th e fifth cond e ns e r 
(155) is a cylindrical lens. 

[0136] \¥Q A semiconductor las e r d e vic e as s e t forth in [25] or [26], furth e r provid e d with, 
in front of the second b e am compressor (1 10, 1 1 1), an angl e changer changing th e c e nt e r optical 
ax e s of th e group of b e ams to obtain a group of b e ams e mitt e d from substantially th e sam e 
obj e ct. 

[0137] {2&} A semiconductor las e r d e vic e as s e t forth in any on e of [3] to [5], [10], [13] to 
[1 4 ], [17] to [22], and [27], whorein th e angl e chang e r is one of an inclin e d transpar e nt plat e and 
an array of w e dg e prisms. 



SUBSTITUTE SPECIFICATION 

NY02:4 91 4 73.1 



-491591.1 



= 38- 



A36197 074224.0133 
PATENT 



[013 8 ] {29} A s e miconductor las e r d e vic e as s e t forth in any one of [3] to [5], [10], [13] to 
[1 4 ], [17] to [22], and [27] to [28], wherein th e angle chang e r is an array of cylindrical lens e s. 
[0139] f3©} A s e miconductor las e r devic e as s e t forth in any on e of [3] to [5], [10], [13] to 
[14], [17] to [22], and [27] to [29], wh e rein th e angle chang e r is a s e gm e nt typo refl e ction mirror. 
[01 4 0] [34} A s e miconductor las e r devic e as s e t forth in any on e of [1] to [30], wh e r e in th e 
b e am compr e ssor is compris e d of one of an anamorphic prism and anamorphic prism pair. 
[01 4 1] [33} A semiconductor las e r d e vic e as s e t forth in any on e of [1] to [31], wh e r e in th e 
b e am compr e ssor is a tel e scop e using on e of on e- dim e nsional and two - dim e nsional lenses. 
[01 4 2] [33} A s e miconductor la se r d e vic e as s e t forth in any one of [1] to [32], wher e in the 
b e am compressor is a tel e scop e using on e of a on e dimensional and two dim e nsional parabolic 
mirror. 

[01 4 3] [34} A semiconductor las e r d e vic e as s e t forth in any on e of [1] to [33], wh e r e in the 
first cond e ns e r is a on e dim e nsional array of cylindrical l e nses. 

[00501 [01 44 ] [35] A semiconductor las e r d e vic e as set forth in any on e of [1] to [3 4 ], 
fatherThe beam compressor may be comprised of one of an anamorphic prism and 
anamorphic prism pair, and can be a telescope that uses a one-dimensional lense o r a two- 
dimensional lenses, and/or a one-dimensional and two-dimensional parabolic mirror. The 
first condenser mav be a one-dimensional array of cylindrical lenses. In addition, an angle 
adjuster mav he provided^ in front of the first condenser, with aixthg angle adjuster Jigin^ 
adapted for finely adjusting the angle of optical axes for each row to the second direction.JM, 
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at least one wedge plate. 

[01 4 5] £36} A s e miconductor las e r devic e as s e t forth in [35], wh e r e in th e angl e adjuster 
combin e s at l e ast two w e dg e plates in r e v e rs e dir e ctions and can rotat e at l e ast on e w e dg e plat e . 
[01 4 6] £37} A s e miconductor laser d e vice as s e t forth in any on e of [1] to [36], using as a 
b e am conv e rt e r a b e am convert e r comprising a plurality of optical e l e m e nts e ach provid e d with: 
[01 4 7] a r e c e iving part for rec e iving incid e nt light b e ams having cross s e ctions p e rpendicular 
to the optical ax e s as first ax e s, 

{0348} an optical syst e m for rotating th e first axis of th e b e am cross s e ctions to substantially 
right angl e s, and 

[01 4 9] an emission part for emitting e mitt e d b e ams passing through th e optical syst e m, 
[0051] [0150] th e Each of the optical elements mav he provided with a receiving part for 
receiving incident light beams having cross-sections perpendicular to the optical axes as 
first axes, an optical system for rotating the first axis of the beam cross-sections to 
substantially right angles, and an emission part for emitting emitted beams passing 
through the optical system. The optical elements arranged on the optical axes of the laser 
beams and the receiving parts and emission parts of the optical elements arranged adjoining each 
other two-dimensionally on the same planes. 

[0151] f3&] A s e miconductor laser d e vic e as set forth in [37], wher e in th e optical e l e m e nt is 
a spac e d e fin e d by r e fl e cting fac e s, th e spac e providing a first r e fl e cting fac e v e rtical and inclined 
about 4 5° with respect to incid e nt b e ams, a s e cond reflecting fac e parall e l to th e incid e nt b e ams 
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and inclin e d about 4 5° with r e sp e ct to th e horizontal plan e , and a third reflecting fac e 
p e rp e ndicular to th e vertical surface parall e l to th e incident beams, parall e l to th e lin e of 
inters e ction b e tw e en th e first r e fl e cting fac e and s e cond r e flecting fac e , and inclin e d about 4 5° 
with resp e ct to th e horizontal plane. 

[00521 [0152] [39] A s e miconductor las e r d e vic e as s e t forth in [37], wh e r e in th e optical 
element isThe optical element can be a space defined by reflecting faces, with the space 
providing a first reflecting face vertical and inclined about 45° with respect to incident 
beams, a second reflecting face parallel to the incident beams and inclined about 45° with 
respect to the horizontal plane, and a third reflecting face perpendicular to the vertical 
surface parallel to the incident beams, parallel to the line of intersection between the first 
reflecting face and second reflecting face, and inclined about 45° with respect to the 
horizontal plane. The optical element may be a prism comprised of a first total reflecting face, 
a second total reflecting face, a third total reflecting face, an incidence face, an emission face, 
and a joining face, in which prism the first, second, and third total reflecting faces intersect each 
other with intersecting angles of 60°, the incidence face and emission face are parallel and 
perpendicularly intersect the second total reflecting face and are inclined about 45° with respect 
to the first and third total reflecting faces, and the joining face is parallel to the second total 
reflecting face, and wherein one of a one-dimensional array of prisms comprised of the prisms 
arranged adjoining each other with the third total reflecting faces, incidence faces, and emission 
faces on the same planes and with joining faces and second total reflecting faces of adjoining 
prisms joined together and a two-dimensional array comprised of one-dimensional arrays of 
prisms further aligned in parallel is used as the beam converter. 
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[0053] [0153] [ 4 0] A s e miconductor las e r devic e as s e t forth in [37], wh e r e in on e of an^ B 
optical glass member havre gmav he provided which have parallel first and second flat surfaces, 
a third flat surface intersecting the first flat surface by an angle of 135°, and a fourth surface 
comprised of a cyclically bent surface comprised of peaks and valleys having a bending angle of 
the line along which the peaks and valleys extend of 60° r. The surfaces can he formed 
continuously in a wave configuration in a direction intersecting the first flat surface by an angle 
of tan" 1 (1/V2), and having peak lines and valley lines parallel to the third flat surface, the first flat 
surface being used as an incidence face, the second flat surface being used as an emission face, 
the faces among the bent faces forming the fourth surface intersecting the first flat surface by an 
angle of 45° being used as a first reflecting face, the other faces being used as a second reflecting 
face, and the third flat surface being used as a third reflecting face . In addition or alternativelv .- 
and a one-dimensional array may he provided which is comprised of the optical glass members 
further aligned linearly is used as a beam converter. 

[0054] [015 4 ] [ 4 1] A semiconductor laser d e vic e as s e t forth in [37], wh e r e in on e of aA, mirror 
structure mav also he provided h aving a first flat surface intersecting a flat surface 
perpendicular to an incidence optical axis by an angle of 135°, a second surface comprised of a 
cyclically bent surface comprised of peaks and valleys having a bending angle of the line along 
which the peaks and valleys extend of 60° t. The surfaces can be formed continuously in a wave 
configuration in a direction intersecting a flat surface perpendicular to the incidence optical axis 
by an angle of tan" 1 (1/V2), and having peak lines and valley lines parallel to the first flat surface, 
the first flat surface and the second surface being treated to form mirror surfaces, the faces 
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among the bent faces forming the second surface intersecting the flat surface perpendicular to the 
incidence optical axis by an angle of 45° being used as a first reflecting face, the other faces 
being used as a second reflecting face, and the first flat surface being used as a third reflecting 
face . Alternatively or in addition , and-a one-dimensional arra y mav be provided which is 
comprised of the mirror structures further aligned linearly is used as a beam converter. 
[0155] [42] A s e miconductor las e r d e vic e as set forth in [37], wh e r e in th e optical e l e ment is 
compris e d of a pair of conv e x cylindrical l e ns e s each with axes inclin e d about 4 5° arrang e d 
facing e ach oth e r across a space of a pred e t e rmined distance. 

[00551 [0156] [ 4 3] A s e miconductor las e r d e vic e as s e t forth in [37], wh e r e in the optical 
e l e m e nt is The optical element mav he comprised of a pair of convex cylindrical lenses each 
with axes inclined about 45° arranged facing each other across a space of a predetermined 
distance. The optical element mav also be comprised of an array of a plurality of pairs of 
convex cylindrical lenses each with axes inclined about 45° arranged facing each other across a 
space of a predetermined distance. Tn the pairs of cylindrical lenses, a radius of curvature of 
emission side lenses may he smaller than a radius of curvature of incidence side lenses. 
[0157] {44} A s e miconductor las e r d e vic e as s e t forth in [ 4 2] or [ 4 3], wh e r e in in th e pairs of 
cylindrical l e ns e s, a radius of curvatur e of e mission sid e l e ns e s is small e r than a radius of 
curvatur e of incid e nc e sid e l e ns e s. 

[00561 [0158] [ 4 5] A s e miconductor las e r device as set forth in [37], wh e r e in th e j hg optical 
element i smav also be a cylindrical lens having convex lens parts at the two ends of the side 
faces and wherein a plurality of optical elements are joined inclined by about 45° with respect to 
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an incidence optical axis., 




mav he a one-dimensional 




of cylindrical lenses having convex lens parts at the two ends of the side faces joined 
inclined hv about 45° with respect to an incidence optical axis. In the convex lens parts, a 
radius of curvature of emission side lenses may he smaller than a radius of curvature of 
incidence side lenses. 

[0159] £46} A semiconductor las e r d e vic e as s e t forth in [37], wh e r e in th e beam conv e rt e r is 
a on e dim e nsional array of a plurality of cylindrical l e ns e s having convex l e ns parts at th e two 
e nds of th e sid e faces join e d inclin e d by about 4 5° with resp e ct to an incidenc e optical axis. 
[0160] {47} A s e miconductor las e r d e vice as s e t forth in [ 4 5] or [ 4 6], wh e r e in in th e conv e x 
l e ns parts, a radius of curvature of e mission side l e ns e s is small e r than a radius of curvatur e of 
incid e nce sid e l e ns e s. 

[0057] [0161] [ 4 8] A s e miconductor las e r d e vic e as s e t forth in [37], wh e rein th e j hg beam 
converter i smav he comprised of an optical glass prism having a rectangular cross-section 
formed with a plurality of cylindrical surfaces inclined about 45° in the same direction as its 
incidence face and emission face and emits incident beams entering its cylindrical surfaces 
rotated about 90° in cross-section. In the cylindrical surfaces, a radius of curvature of 
emission side surfaces can he smaller than a radius of curvature of incidence side surfaces, 
with the angle of inclination adjusted to emit incident beams entering its cylindrical 
surfaces rotated about 90° in cross-section. 

[0162] {49} A s e miconductor lasor devic e as s e t forth in [ 4 8], wh e r e in, in th e cylindrical 
surfac e s, a radius of curvatur e of e mission sid e surfaces is smaller than a radius of curvature of 
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incidenc e sid e surfac e s, with th e angle of inclination adjust e d to emit incid e nt b e ams entering its 
cylindrical surfac e s rotat e d about 90° in cross section. 

[0163] £50} A s e miconductor laser d e vic e as set forth in [37], wherein the optical e l e m e nt is 
a dub prism having a trap e zoidal cross s e ction and a plurality of th e optical e lements is arrang e d 
inclin e d by about 4 5°. 

[016 4 ] £54} A s e miconductor laser device as s e t forth in [37], wh e r e in th e optical e l e m e nt is 
compris e d of two optical el e m e nts changing in power in only a dir e ction p e rp e ndicular to a 
c e nt e r axis du e to diffraction and arrang e d with c e nter ax e s inclin e d about 4 5°. 
[0058] [0165] [52] A s e miconductor laser d e vic e as s e t forth in [37], wh e r e in th e b e am 
conv e rter is The optical element mav also be a dub prism having a trapezoidal cross-section 
and a plurality of the optical elements is arranged inclined hv about 45°. Further, the 
optical element can be comprised of two optical elements changing in power in only a 
direction perpendicular to a center axis due to diffraction and arranged with center axes 
inclined about 45°. The beam converter mav also be comprised of, at both the incidence side 
and emission side, a pair of binary optic elements arranged facing each other across a space of a 
predetermined distance, the surfaces of the incidence side binary optic element and emission side 
binary optic element being formed with pluralities of axially symmetric stepped surfaces 
changing in depth so that the powers change symmetric to center axes inclined about 45° in 
directions perpendicular to the center axes, and emits incident beams entering the axially 
symmetric stepped surfaces rotated about 90° in cross-section. 
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[0166] A s e miconductor laser devic e as G e t forth in [37], wh e rein th e optical el e ment is 

comprised of an optical el e m e nt compris e d of a structur e with continuously changing r e fractiv e 
ind e x e s and changing in power in only a direction perp e ndicular to the ori e ntation of 
arrang e m e nt and is arrang e d inclin e d 4 5° with r e sp e ct to a horizontal plan e . 
[0167] {54} A s e miconductor laser devic e as set forth in [37], wh e r e in th e b e am conv e rter is 
compris e d of a plurality of one dim e nsional profil e r e fractiv e ind e x l e ns el e m e nts compris e d of 
optical glass m e mb e rs with r e fractiv e ind e x e s high e st at th e cent e r fac e s and b e coming low e r th e 
clos e r to th e sid e fac e s and join e d with th e c e nt e r fac e s inclin e d about 4 5° with r e spect to a 
horizontal plan e . 

[00591 [0168] [55] A semiconductor las e r d e vic e as s e t forth in [37], wher e in th e b e am 
converter isln a further exemplary variant of the present invention, the optical element may 
be comprised of an optical element comprised of a structure with continuously changing 
refractive indexes and changing in power in only a direction perpendicular to the 
orientation of arrangement and is arranged inclined 45° with respect to a horizontal plane. 
Alternatively, the beam converter is comprised of a plurality of one-dimensional profile 
refractive index lens elements comprised of optical glass members with refractive indexes 
highest at the center faces and becoming lower the closer to the side faces and joined with 
the center faces inclined about 45° with respect to a horizontal plane. The heam converter 
mav also be comprised of an optical glass plate on both surfaces of which are formed pluralities 
of semicylindrical profile refractive index lens elements inclined about 45° with respect to those 
surfaces, arranged facing each other in the same direction, and having refractive indexes highest 
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at the centers of the semicylinders and refractive indexes becoming lower the further to the 
outsides. 

[0169] £§6} A s e miconductor las e r d e vic e as s e t forth in any on e of [1] to [55], provid e d 
with at least two laser diode stack arrays provid e d with th e first cond e ns e rs in front and provid e d 
with an optical devic e for coupling th e at l e ast two groups of las e r b e ams e mitt e d from th e first 
condens e rs in front of th e cond e ns e rs. 

[0170] £££} A s e miconductor las e r devic e as set forth in any on e of [1] to [55], provid e d 
with at l e ast two las e r diode stack arrays and provid e d with an optical d e vic e for wav e l e ngth 
coupling the at l e ast two groups of las e r b e ams e nt e ring th e third condenser aft e r th e cond e ns e r. 
[0060] [0171] [58] A semiconductor laser d e vic e as s e t forth in any on e of [1] to [55], 
provided with at The laser device according to an exemplary embodiment of the present 
invention mav include at least two laser diode stack arrays provided with the first 
condensers in front and provided with an optical device for coupling the at least two 
groups of laser beams emitted from the f irst condensers in front of the condensers. An 
optical device mav also be provided for wavelength coupling at least two groups of laser 
beams entering the third condenser after th e condenser. At least three laser diode stack arrays 
mav be provided with the first condensers, in front and provided with an optical device for 
coupling the at least two groups of laser beams emitted from the first condensers in front of the 
condensers and provided with an optical device for wavelength coupling at least two groups of 
laser beams entering the third condenser after the condenser. The optical device mav be a 
polarization element, a mirror formed with through windows at the same pitch as the stack 
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Ditch of the laser diode stack array, mirrors arranged at the same pitch as the stack pitch 
of the laser diode stack array, rirht angle prisms arranged at the same pitch as the stack 

[0172] \S9] A s e miconductor las e r d e vic e as s e t forth in [56] or [58], wh e rein th e optical 
d e vic e i s a polarization e l e m e nt. 

[0173] {60} A semiconductor las e r device as s e t forth in [56] or [58], wher e in th e optical 
d e vice is a mirror form e d with through windows at th e sam e pitch as th e stack pitch of th e las e r 
diod e stack array. 

[017 4 ] {61} A s e miconductor las e r d e vic e as s e t forth in [56] or [58], wh e r e in the optical 
d e vic e is compris e d of mirrors arrang e d at th e sam e pitch as th e stack pitch of th e las e r diod e 
stack array. 

[0175] {62} A s e miconductor las e r d e vic e as set forth in [56] or [58], wh e r e in th e optical 
d e vic e is compris e d of right angl e prisms arrang e d at th e sam e pitch a s th e stack pitch of th e las e r 
diod e stack array. 

[0176] £63} A s e miconductor las e r devic e as s e t forth in [57] or [58], wh e rein the optical 
d e vic e is a dichroic mirror. 

[0177] {64} A s e miconductor las e r d e vic e as set forth in any on e of [1] to [63], furth e r 
provid e d with an optical fiber having an end fac e at a focal plan e of th e third cond e n se r. 
[017 8 ] {65} A s e miconductor las e r d e vic e as s e t forth in [6 4 ], wh e r e in th e optical fib e r is an 
optical fiber with a cor e dop e d with a rar e e arth e l e m e nt. 
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[0179] {66} A s e miconductor las e r pump e d solid stat e laser devic e provid e d with a 
semiconductor las e r d e vic e as s e t forth in any on e of [1] to [65] and a solid stat e las e r elem e nt 
with a pump e d light r e c e iving fac e match e d with a focal position of th e third cond e ns e r. 
[0061] [01 8 0] [67] A semiconductor las e r pump e d solid stat e las e r devic e provid e d with a 
semiconductor las e r d e vic e as set forth in [6 4 ] . An optical fiber mav also be provided that has 
an end face at a focal plane of the third condenser. The optical fiber may include a core 
doped with a rare earth element The semiconductor laser pumped solid-state laser device 
may be provided with a semiconductor laser device and a solid-state laser element with a 
pumped light receiving face matched with a focal position of the third condenser. The laser 
device mav include an optical system for collimating the beams emitted from the optical fiber as 
set forth in {64}-so as to converge them to the focal point, and a solid-state laser element having a 
pumped light receiving face and having the pumped light receiving face matched with the 
position of the focal point. The optical fiber mav he an optical fiber with a core doped with 
a rare earth element. 

[0181] {68} A s e miconductor las e r pump e d solid stat e las e r devic e as s e t forth in [67], 
wh e rein th e optical fib e r is an optical fib e r with a core dop e d with a rar e e arth e l e m e nt. 
[0182] Th e s e miconductor laser d e vic e of th e pr e s e nt invention can cond e ns e th e laser e nergy 
produc e d by a las e r diod e stack array to an e xtr e m e ly small ar e a, so can b e suffici e ntly us e d for 
las e r proc e ssing or m e dical applications. 

100621 {01«^-The semiconductor laser device of an exemplary embodiment of the present 
invention can condense the laser enerpv produced bv a laser diode stack array to an 
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extremely small area, so can be sufficiently used for laser processing or medical 
a pplications. Further, a semiconductor laser device tts ragmav use a beam converte r of an 
exem plary embodiment of the present invention to achieve the effect of aligning the emitters of 
a semiconductor laser stack array in a substantially single row ladder rung configuration can 
concentrate the energy of the semiconductor laser stack array at an extremely small focal point. 
[01 84 ] Furth e r, th e semiconductor las e r pump e d solid state las e r d e vic e of th e pres e nt 
invention can achi e v e e nd pumping utilizing pow e rful s e miconductor las e rs Further* the 
semiconductor laser pumped solid-state laser device according to the exemplary 
embodiment of the present invention can achieve end pumping utilizing powerful 
semiconductor lasers, and obtain a solid-state laser output with a high efficiency and good beam 
quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[QQ631 [0185] FIG. 1 is a view for explaining a laser diode array and directionality of laser 
beams. 

[00641 {G1S6J-FIG. 2 is a view for explaining a laser diode stack array and directionality of 
laser beams. 

[0065] [01 8 7] FIG. 3 is a view of the state of image formation when parallel beams enter a 
condensing lens with a particular focal length-^. 

[0066] {WS8]-FIG. 4 is a view of the state of image formation when beams having optical axes 
which are parallel, but having divergence angles enter a condensing lens. 
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[00671 {0±£9f-FIG. 5 is a view of the state of giving an angle so that a plurality of beams are 
emitted from a common imaginary object-© placed on the center axis of the lens. 
[0068] {Q190J-FIG. 6 is a view for explaining the operation for reducing the distance between 
center axes of a plurality of beams. 

[0069] {(HWf-FIG. 7 is a plan view of an exemplary embodiment of a semiconductor laser 
device e faccording to the present invention. 

[00701 {0192J-FIG. 8 is an elevation view of aan exemplary semiconductor laser device of the 
present invention. 

[00711 {M95J-FIG. 9 is a plan view of aan exemplary semiconductor laser device of the 
present invention using a dense emitter structure semiconductor laser. 

[00721 {0W4J-FIG. 10 is an elevation view of the semiconductor laser device shown in FIG. 9. 
[0073] {Q195]-FIG. 1 1 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention «fm gthat uses transparent wedge plates as a 
means for changing the beam angles. 

[00741 [0196] FIG. 12 is an elevation view of the semiconductor laser device shown in 
FIG. 11. 

[00751 [0197] FIG. 13 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention combining a beam converter and transparent 
wedge plates integrally. 

[00761 [0198] FIG. 14 is an elevation view of the semiconductor laser device shown in 
FIG. 13. 
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[00771 {WWJ-FIG. 15 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention usitt ethat uses a cylindrical lens as the means 
for changing the beam angles. 

[0078J [0200] FIG. 16 is an elevation view of the semiconductor laser device shown in 
FIG. 4^15, 

[00791 [0201] FIG. 17 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention designed to make the center axes of the beams 
closer. 

[00801 [0202] FIG. 18 is an elevation view of the semiconductor laser device shown in 
FIG. 17. 

[00811 {©205f-FIGS. 1 9 A to 1 9C are views for e xplainin g illustrating the state of change of an 
image in the semiconductor laser device shown in FIG. 17 and FIG. 18. 

[00821 [020 4 ] FIG. 20 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention forming an image by further reducing the 
output of the semiconductor laser device shown in FIG. 17 and FIG. 18. 

[00831 [0205] FIG. 21 is an elevation view of the semiconductor laser device shown in 
FIG. 19. 

[00841 [0206] FIG. 22 is a side view for e xplaining a illustrating the semiconductor laser 
device shown in FIG. 20 and FIG. 21 provided with an optical axis angle changing function near 
the focal point of the second condensing lens relating to the stack direction and configured to 
form an image by a final condensing lens. 
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[0085] [0207] FIG. 23 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention usin gthat uses two one-dimensional telescopes 
as means for bringing the center axes of the beams closer. 

[00861 {Q208J-FIG. 24 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention usm gthat uses two one-dimensional telescopes 
as means for bringing the center axes of the beams closer and transparent wedge plates as means 
for making the objects match. 

[00871 [0209] FIG. 25 is an enlarged view of the portion for setting the transparent wedge 
plates of FIG. 24. 

[0088] {©2WJ-FIGS. 26 A and 26B are views for explaining the state of change of an image in 
the semiconductor laser device shown in FIG. 25. 

[0089] [0211] FIG. 27 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention asin gthat uses a telescope as the means for 
bringing the center axes of the beams closer. 

[0090] [0212] FIG. 28 is an elevation view of the semiconductor laser device shown in 
FIG. 27. 

[0091] [0213] FIGS. 29 A and 29B are views for explaining the state of change of an image in 
the semiconductor laser device shown in FIG. 27 and FIG. 28. 

[00921 [021 4 ] FIG. 30 is a perspective view of an example of a configuration providing a 
second beam converter between an array direction telescope and stack direction telescope in 
addition to the example shown in FIG. 25. 
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[0093) [0215] FIG. 31 is a view showing appearance of ghosts when laser beams pass through 
a second beam converter. 

[00941 [0216] FIG. 32 is a view of aan exemplary embodiment of the semiconductor laser 
device arrangingaccording to the prese n t invention that provides a cylindrical lens (e.g.. a 
fifth condenser) between a first beam compressor and second beam converter. 
[0095] [0217] FIG. 33 is a perspective view of a configuration adding stack direction and array 
direction transparent wedge plates to the arrangement of FIG. 30. 

[0096] [021 8 ] FIG. 34 is a view of another exemplary embodiment of the semiconductor 
laser device arranging a providing the cylindrical lens ( e.g.. the fifth condenser) between a first 
beam compressor and second beam converter. 

[0097] [0219] FIG. 35 is a view for e xplainin g illustrating an optical axis shift due to a beam 
shifter. 

[0098] [0220] FIG. 36 is a perspective view of a configuration removing one beam converter 
from the arrangement of FIG. 30 and switching the array direction and stack direction telescopes. 
[00991 [0221] FIGS. 37A and 37B are views for explaining th o illustrating an action of the 
second beam converter in the device of FIG. 36. 

[001001 [0222] FIG. 38 is a perspective view of a configuration adding stack direction and array 
direction transparent wedge plates to the arrangement of FIG. 36. 

[001011 [0223] FIG. 39 is a view of another exemplary embodiment of the semiconductor 
laser device arranging a providing the cylindrical lens ( e.g.. the fifth condenser) between a first 
beam compressor and second beam converter. 
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[001021 [022 4 ] FIG. 40 is a perspective view of aan exemplary embodiment of the 
semiconductor laser device e faccording to the present invention nsm gthat uses segment type 
reflection mirrors as th e m e ans a wav for changing the beam angles. 
[001031 [0225] FIG. 41 is a view of an example of an angle adjuster. 
[00104] [0226] FIG. 42 is a view of the precision of angle adjustment. 

[001 051 [0227] FIG. 43 is a plan view for explaining a semiconductor laser pumped solid-state 
laser device according to an exemplary embodiment of the present invention. 
[001 06] [0228] FIG. 44 is a schematic elevation view for explaining the semiconductor laser 
pumped solid-state laser device shown in FIG. 43. 

[00107] [0229] FIG. 45 is a plan view of aan exemplary embodiment of the semiconductor 
laser device e faccording to the present invention nsm gthat uses an optical fiber. 
[00108] [0230] FIG. 46 is a schematic elevation view of the semiconductor laser device shown 
in FIG. 45. 

[001091 [0231] FIG. 47 is a schematic plan view for explaining an optical fiber guided 
semiconductor laser pumped solid-state laser device according to an exemplary embodiment 
of the present invention. 

[001 1 0] [0232] FIG. 48 is a schematic elevation view for e xplaining a n illustrating the optical 
fiber guided semiconductor laser pumped solid-state laser device shown in FIG. 47. 
[001111 [0233] FIG. 49 is a schematic plan view for e xplainin g illustrating the semiconductor 
laser pumped fiber laser device of the present invention. 



SUBSTITUTE SPECIFICATION 

NY02:49 1 4 73.1 



-491591.1 



-55- 



A36197 074224.0133 
PATENT 



[001121 [023 4 ] — FIG. 50 is a schematic elevation view for explainin g illiistrating the 

semiconductor laser pumped fiber laser device of the present invention. 

[001131 [0235] FIG. 51 is a schematic view for e xplaining illustrating a first beam converter, 
beam compressor, and second beam converte r according to an exemplary embodiment of the 

present invention. 

[00114] [0236] FIG. 52 is a view for explaining th e illustrating a principle of beam conversion 
by three reflection actions using three right angle prisms. 

[00115] [0237] FIG. 53 is a perspective view of an optical element shaped as a prism and beam 
conversion by the same. 

[00116] [0238] FIG. 54 is a perspective view of a beam converter obtained by arranging the 
optical elements of FIG. 53 in parallel and beam conversion by the same. 

[001 1 7] {©239J-FIG. 55 is a perspective view of an integral beam converter equivalent to the 
beam converter of FIG. 54 and beam conversion by the same. 

[00118] [02 4 0] FIG. 56 is a perspective view of a first beam converter obtained by stacking 
beam converters of FIG. 55 and beam conversion by the same. 

[001191 [02 4 1] FIG. 57 is a perspective view of a first beam converter obtained by stacking 
mirror arrays and beam conversion by the same. 

[001201 [02 4 2] FIG. 58 is a perspective view of a first beam converter comprised of cylindrical 
lenses arranged in parallel and beam conversion by the same. 
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[00121] [02 4 3] FIG. 59 is a perspective view of a first beam converter comprised of optical 
elements having an incidence face and emission face as cylindrical surfaces and beam conversion 
by the same. 

[00122] [02 44 ] FIG. 60 is a perspective view of a first beam converter fabricated from a block 
of optical glass and beam conversion by the same. 

[00123] [02 4 5] FIG. 61 is a perspective view of a first beam converter comprised of dub prisms 
arranged in parallel and beam conversion by the same. 

[00124] {©246J-FIG. 62 is a perspective view of a first beam converter comprised of binary optic 
elements arranged in parallel and beam conversion by the same. 

[00125] [02 4 7] FIG. 63 is a perspective view of a first beam converter comprised of one- 
dimensional profile refractive index lenses arranged in parallel and beam conversion by the same. 
[001261 [02 4 8] FIG. 64 is a perspective view of a first beam converter comprised of 
semicylindrical profile refractive index lens elements arranged in parallel and beam conversion 
by the same. 

[001 271 [02 4 9] FIG. 65 is a perspective view of a beam compressor using an anamorphic prism 
and beam compression by the same. 

[00128] [0250] FIG. 66 is a plan view of the beam compressor shown in FIG. 65 and beam 
compression using the same. 

[00129] [0251] FIG. 67 is a perspective view of a beam compressor using an anamorphic prism 
pair using two anamorphic prisms and beam compression by the same. 
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[001301 [0252] FIG. 68 is a plan view of the beam compressor shown in FIG. 67 and beam 
compression using the same. 

[001311 [0253] FIG. 69 is a perspective view of a second beam converter comprised of an 
optical element having a prism shape and beam conversion by the same. 

[001321 [025 4 ] FIG. 70 is a perspective view of an integral second beam converter equivalent to 
the beam converter of FIG. 69 and beam conversion by the same. 

[001331 [0255] FIG. 71 is a perspective view of a second beam converter comprised of mirror 
elements arranged in parallel and beam conversion by the same. 

[001341 [0256] FIG. 72 is a perspective view of a second beam converter comprised of 
cylindrical lenses arranged in parallel and beam conversion by the same. 

[001 351 [0257] FIG. 73 is a perspective view of a second beam converter comprised of an 
optical element having an incidence face and an emission face as cylindrical surfaces and beam 
conversion by the same. 

[001361 [0258] FIG. 74 is a perspective view of a second beam converter fabricated from a 
block of optical glass and beam conversion by the same. 

[00137] [0259] FIG. 75 is a perspective view of a second beam converter comprised of dub 
prisms arranged in parallel and beam conversion by the same. 

[00138] {G260J-FIG. 76 is a perspective view of a second beam converter comprised of binary 
optical elements arranged in parallel and beam conversion by the same. 

[00139] [0261] FIG. 77 is a perspective view of a second beam converter comprised of one- 
dimensional profile refractive index lenses arranged in parallel and beam conversion by the same. 
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[001 401 [0262] FIG. 78 is a perspective view of a second beam converter comprised of 
semicylindrical profile refractive index lens elements arranged in parallel and beam conversion 
by the same. 

[00141] [0263] FIG. 79 is a view of the generation of protruding components (^g^escape 
components) in adjoining elements at the beam emission side. 

[001421 [026 4 ] FIG. 80 is a view of a beam converter dividing a cylindrical lens array into two 
and reducing the radii of curvature of the cylindrical lenses at the beam emission side from the 
radii of curvature of the cylindrical lenses at the beam incidence side. 

[00143] [0265] FIG. 81 is a view of a mode of coupling two laser beams using a polarization 
element. 

[001 44] {©266J-FIGS. 82 A and 82B are views of a mode of coupling two laser beams using a 
mirror formed with through windows at the same pitch as the stack pitch of the laser diode stack 
array. 

[00145] [0267] FIGS. 83A and 83B are views of a mode of coupling two laser beams using 
mirrors arranged at the same pitch as the stack pitch of the laser diode stack array. 
[001461 {©268J-FIGS. 84 A and 84B are views of a mode of coupling two laser beams using 
right angle prisms arranged at the same pitch as the stack pitch of the laser diode stack array. 
[00147] {0269J-FIG. 85 is a view of the mode of wavelength coupling at least two laser beam 
groups entering a third condenser. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00148] 102701 Th e fac t lt has been described herein that a laser diode stack array is hard to 
focus since the divergence angles of the beams differ between the fast axis and the slow axis was 
e xplain e d abov e . I n . According to an exemplary embodiment of the present invention, the 
technique is adopt e d of rotatin g mav be used that rotates the beams by 90° to enable suitable 
collimation for each axis. Du e to this Using such technique , it is possible to first collimate the 
large dispersion fast axis and later slowly and stably independently collimate the small dispersion 
slow axis. 

[001491 [0271] Further, the laser diode stack array fam smav form a planar light source 
comprised of a plurality of light sources having parallel optical axes arranged on the same plane. 
[001 50] [0272] FIG. 3 shows the state of parallel beams entering a condensing lens having a 
focal length f. For simplification, the case of two parallel beams is shown. In thissush case, all 
beams are condensed at the focal point of the lens and a single image is obtained on the center 
axis. 

[0273] On th e oth e r hand, wh e n b e ams having parall e l optical axes, but div e rg e nce angl e s 
e nt e r th e cond e nsing l e ns, th e imag e mov e s to th e far sid e from th e focal point of th e l e ns du e to 
th e div e rg e nc e angles, so s e parat e image s ar e form e d at positions off from th e cent e r axis of th e 

1 pyre c* 

TviIkjT 

[001 51] [027 4 ] — On the other hand, when beams having parallel optical axes. ' but 
divergence angles enter the condensing lens, the image moves to the far side from the focal 
point of the lens due to the divergence angles, so separate images are formed at positions 
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the lens. This state is shown in FIG. 4. For simplificationl hfc, 




icitv . the case of two beams is schematically shown using candles. The fact is 



that b e amsB gams emitted from different objects placed at a finite distance geometrically form 
different images. The laser diode stack array corresponds to the eas earrangement of FIG. 4. 
With images formed at separate image points in this way, no augmentation of the light intensity 
ea nwould likely be obtained^ and it is likely not possible to concentrate high level energy at a 
narrow region. 

[00152] [0275] R e garding this situation, one of th e inv e ntors of th e present inv e ntion 
int e nsiv e ly studi e d Research has been conducted regarding beams^bdng emitted from a 
plurality of optical fibers a and disclosed hist hg findings described in Japanese Un e xamin e d 
Patent Publication (Kokai) N o. 2001 255 4 91. Its gist is roughly sp e aking summariz e d in th e . , 
2001-255491. the entire disclosure of which is incorporated herein hv reference. The 
following two methods have been described in the above-identified publication. 
[001 53] [0276] That is, one compris e s giving all0 XAll beams are given predetermined angles to 
make it appear as if they were emitted from the same light source when seen from the condensing 
lens. Thafc-i sln particular , as shown in FIG. 5, angles are given so that the beams are emitted 
from a common imaginary object O placed on the center axis of the lens. FIG. 5 shows the case 
of two beams for the purpose of simplicity. An effective caliber of the condensing lens 
should be made larger to match the opening of the angle between the beams. This 
technique can be used for light sources with limited divergence angles such as lasers. 
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[0277] FIG. 5 shows th e cas e of two b e ams for simplification. It is n e cessary to mak e th e 
e ff e ctiv e calib e r of th e cond e nsing l e ns larg e r to match the opening of the angle b e tw ee n th e 
b e ams. This t e chnique is possibl e for light sourc e s with limit e d diverg e nc e angl e s such as las e rs. 
[001 54] [0278] Th e other compris e s performing an^ iiXAn operation is performed for reducing 
the distance between center axes of the beams and, in accordance with need, r e ducing and- 
r e forming an image is reduced and reformed so as to form the image small as a whole. That is, 
as shown in FIG. 6, the distance between center axes of beams having equal intensity profiles is 
narrowed to make the distance between objects smaller and, as needed, the image is reformed. 
FIG. 6 shows the case of two beams for f i implificatio n the purpose of simplicity . 
[001 55] [0279] Not eTt should he noted that combining the above two methods iscan be more 
effective. 

[00156] [02 8 0] In the case of the above optical fiber, it is possible to tightly bundle a plurality of 
fibers to reduce the distance between objects in advance. The method of the abov e-identified 

Japanese Un e xamin e d Pat e nt Publication (Kokai) No. 2001 255 4 91 workfi mav work 

effectively. However, with a laser diode stack array, changing the width of the array or the stack 
intervals i smav be difficult. 

[001571 {©28t|-Therefore, th e inv e ntors furth e r int e nsiv e ly studied methods for combining as 
much as possible a plurality of objects separated in distance have been reviewed . As a result, 
th e y discov e r e d various sp e cific methods such as ^^introduction of a compresso r have been 
uncovered. 



SUBSTITUTE SPECIFICATION 

NY02: 49H73.1 -491591.1 



-62- 



A36197 074224.0133 
PATENT 



[0282] Below, th e gist of th e pr e s e nt inv e ntion will b e e xplain e d in mor e d e tail bas e d on th e 
attach e d drawings. 

[02 8 3] FIG. 7 is a plan vi e w of an e mbodim e nt of a s e miconductor las e r d e vice of tho pr e s e nt 
invention, whil e FIG. 8 is an elevation view of the same. Not e that th e t e rms "semiconductor 
las e r" and "las e r diod e " ar e synonymous. 

[001581 fQ284} -FIG. 7 is a plan view of an exemplary embodiment of a semiconductor laser 
device according to the present invention, and FIG, 8 is an elevation view of the same. It 
should he noted that the terms "semiconductor laser" and "laser diode" amav he used 
svnonvmouslv herein. The semiconductor laser stack array 10 i sof FIG. 7 mav be comprised of 
semiconductor laser linear arrays, each comprised of 10 to 100 (in FIG. 7, for conv e nienc e , six) 
active layer stripes 12 emitting laser beams fin FIG. 7. for the sake of convenience, the 
number thereof is six^ arranged in a row in a width of about 10 mm, stacked in parallel (in 
FIG. 8, four layers shown) to a height of 5 mm to 40 mm. 

[f)01591 [02 85 ] The cross-section of each active layer stripe 12 has for example a width of 100 
\im to 200 (im and a thickness of 0.1 \im to 1/5 |am. The laser beams emitted from the end faces 
of the active layer stripes have emission angles in the thickness direction (hereinafter called 
Preferred to as a "slow axis direction") of 40° to 50° and emission angles in the width 
direction (hereinafter call e d th e referred to as a "fast axis direction") of 10° and form the 
emission light sources of the semiconductor laser stack array 10. 
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[02 8 6] The activ e lay e r strip e s ar e arrang e d in a row at the end of e ach s e miconductor las e r 
lin e ar array, so the s e miconductor las e r stack array provid e s a light sourc e for light emission 
compris e d of lin e segm e nts arrang e d in a two dim e nsional array. 

[001 601 [02 8 7] The active laver stripes are arranged in a row at the end of each 
semiconductor laser linear array, so the semiconductor laser stack array provides a light 
source for light emission comprised of line segments arranged in a two- dimensional array. 

A first cylindrical lens array 20 has the ability to bundle the laser beams emitted from the 
semiconductor laser stack array 10 in the direction of the thicknesses of the active layer stripes 
and makes the fast axis components parallel. The first cylindrical lens array 20 has an equal 
optical thickness equal in the width direction. The beams proceed substantially straight, so the 
emission angles of the slow axis components of the laser beams remains unchanged at about 10°. 
[0288] Th e first b e am conv e rt e r 30 rotat e s th e cross s e ction of th e laser b e am outputs from 
th e first cylindrical l e ns array 20 about 90° from the incid e nt b e ams. Th e first b e am conv e rt e r 30 
arranges optical elem e nts in a on e- to - on e corr e spondence with th e activ e lay e rs of th e 
s e miconductor las e r stack array 10 in a tw^o dim e nsional array so as to correspond to th e activ e 
lay e r strip e s. 

[00161] {Q289]-The first beam converter 3Q rotates the cross-section of the laser beam 
outputs from the first cylindrical lens array 20 about 90° from the incident beams. The 
first beam converter 30 arranges optical elements in a one-to-one correspondence with the 
active layers of the semiconductor laser stack array 10 in a two-dimensional array so as to 
correspond to the active laver stripes. The laser beams emitted by the first cylindrical lens 
array 20 in the width direction by an angle of about 10° and now forming parallel beams in the 
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thickness direction (see FIG. 8) are rotated about 90° for each active layer stripe by the first beam 
converter 30, so are converted to beams having emission angles of about 10° in the thickness 
direction and parallel in the width direction (see FIG. 7). Note that the optical element can be 
designed to handle a group of stripes including a plurality of active layer stripes. 
[00162] {©29©]-Since laser beams rotated about 90° for beam conversion are aligned in parallel 
in exactly the number of the active layer stripes or stripe groups, the emission beams of the 
semiconductor laser stack array 10 are arranged in parallel in a ladder rung configuration. This 
parallel arrangement becomes substantially the same as one with a further plurality arranged in 
parallel to form a two-dimensional array. The next collimation can be easily realized by this 
rotation. 

[001 631 [0291] The second cylindrical lens array 80 bends and collimates the group of laser 
beams in the thickness direction for each row. At the same time, by offsetting the center axes of 
the lens and beams by exactly predetermined amounts for use, angular change of the optical axes 
is caused for conversion to a group of beams emitted from approximately the same object. 
[0292] Th e b e am compr e ssor 4 0 short e ns th e int e rvals of th e ladd e r rungs of laser b e ams 
arrang e d in parallel in a ladd e r rung configuration to compr e s s the las e r b e ams. — Such 
compr e s se d la se r beams ar e furth e r align e d linearly in on e row in th e height dir e ction (stack 
dir e ction) of th e s e miconductor las e r stack array. 

[00164] The beam compressor 40 shortens the intervals of the ladder runrs of laser 

beams arranged in parallel in a ladder rung configuration to compress the laser beams. 
Such compressed laser beams are further aligned linearly in one row in the height direction 
(stack direction^ of the semiconductor laser stack array. The compressed group of beams are 
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narrow in intervals of the ladder rungs, so during propagation, there is overlap in the intensity 
profile and the beams no longer appear to be separate. That is, the beams emitted from the 
semiconductor laser stack array become a single group of beams for each array at the exit of the 
beam compressor 40. 

[001651 {©294]-Further, the condensing lens 70 condenses all of the group of beams. The group 
of beams become approximately beams emitted from the same object on the center axis of the 
condensing lens 70, so form an image on the same spot on the center axis. The size of the 
condensed spot becomes a size of an extent of the collimated beam diameters for each direction 
multiplied with the imaging ratio of the condensing lens 70 when deeming those diameters as the 
size of the objects. 

[0295] How e ver, th e siz e of a obj e ct at th e fast axis dir e ction has to be de e m e d th e beam siz e 
for slow axis dir e ction at th e b e am compr e ssor multipli e d with th e compression ratio of th e b e am 
compr e ssor 4 0. 

[001661 {Q296fHowever, the size of a object at the fast axis direction is preferably deemed 
the beam size for slow axis direction at the beam compressor multiplied with the 
compression ratio of the beam compr essor 40, For example, when the beam size for slow axis 
direction is 10 mm and the compression ratio of the beam compressor 40 is 1/10, the size of the 
object on the fast axis direction is considered to be 1 mm. Therefore, if making the imaging ratio 
of the condensing lens 70 1/3, the size of the image becomes about 330 jam. Strictly speaking, 
line segment shaped images are arranged at equal intervals in it. 
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[0297] R e garding th e slow axis dir e ction, if th e collimat e d diam e t e r du e to th e s e cond 
cylindrical l e ns array 80 is 400 Regarding the slow axis direction, if the collimated diameter 
due to the second cyl i ndrical le n s array 80 is 400 pm. tho imago hocom e n 133 m. the image 
becomes 133 [im-. Ar, a r e sult, a s pot of 330 m. As a result, a spot of 330 [im-m xA&- 133 [im- 
is obtain e d. — A pow e r d e nsity of 2 MW/cm * is obtain e d by an output of 1 kW. — This is a 
suffici e nt pow e r d e nsity for d ee p p e n e tration w e lding of m e tal . m is obtained. A power density 
of 2 MW/cm 2 is obtained hv an output of 1 kW. This is a sufficient power density for deep 
penetration welding of metal. 

[001 67) [0298] If not allowing an angular change by the second cylindrical lens array 80, the 
group of beams from the array will for m forms separate images, so the size of the overall image 
for the slow axis direction will become a size of the height of the stack multiplied with the 
imaging ratio of the condensing lens 70. For example, if the stack height is 30 mm, the size of 
the total image will become 10 mm. In this way, it is possible to superpose discrete images at 
one spot by an angular change. 

[00168] [0299] Not e that th e j hfi second cylindrical lens array 80 may be arranged in front of 
the first beam converter 30 as shown in FIG. 7 and FIG. 8 or may be arranged in front of the 
beam compressor 40. At that time, the first beam converter 30 and second cylindrical lens array 
80 or the second cylindrical lens array 80 and beam compressor 40 can be made integral. Du e to 
thisjhns, there is the advantage that the number of parts can be reduced and the loss at the 
interface is reduced. 



SUBSTITUTE SPECIFICATION 

NY02: 491473.1 -491591.1 



-67- 



A36197 074224.0133 
PATENT 



[001 69] {O^OOJ-FIG. 9 is a plan view of a semiconductor laser device of the present invention in 
the case of using such a quasi-continuous wave laser diode (fi^gaJLquasi-CW-LD) with a high 
density of light emitter as the laser diode stack array, while FIG. 10 is an elevation view. The 
laser diode stack array 10 is provided with a large number of active layer stripes 12 at a high 
density and forms a linear emitter with substantially no breaks. 

[001 701 {03©3-|-The first beam converter 30 i smav be comprised of a linearly aligned suitable 
number of optical elements either having no relation with the size of the active layer stripes or 
having dimensions corresponding to a predetermined number of stripes. The positions and 
actions of the first cylindrical lens array 20, the first beam converter 30, the beam compressor 40, 
the second cylindrical lens array 80, and the condensing lens 70 are substantially the same as 
those e xplained indescribed with reference to FIG. 7 and FIG. 8. 

[00171] {©3©2]-When using laser diodes with short widths of the active layer stripes or narrow 
intervals of the same in this way, fabrication of a beam converter becomes difficult if providing 
the optical elements of the first beam converter in a one-to-one correspondence with the active 
layer stripes. 

[0303] This mode instead ^mup scan g roup a suitable number of active layer stripes together 
and provides the elements in correspondence with them. Further, instead of viewing the 
emission parts of the laser diodes as a broken line, it may also be considered to deem them as a 
single stripe, divide it into suitable sections by optical elements, and rotate the same so as to 
change them to laser diodes emitting light in a de facto ladder rung configuration. 
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[00172] {©3M|-FIG. 1 1 is a plan view of another exemplary embodiment of a semiconductor 
laser device e faccording to the present invention, whileand FIG. 12 is an elevation view of the 
same. The point of difference from the example shown in FIG. 7 and FIG. 8 is that the means for 
changing the beam angles is not the second cylindrical lens array 80, but newly separately 
provided transparent wedge plates 120. The second cylindrical lens array 80 handles only the 
action of collimating the slow axis components. 

[001 731 fO^OSJ-The transparent wedge plates 120 are transparent plates with angles as shown in 
FIG. 12. Beams are given an angular change due to refraction when passing through the same. 
The position of provision of the transparent wedge plates 120, as shown in FIG. 1 1 and FIG. 12, 
may be in front of the beam compressor 40 or between the second cylindrical lens array 80 and 
the beam compressor 40. At this time, it is also possible to make the transparent wedge plates 
120 and second cylindrical lens array 80 or beam compressor 40 integral. Accordingly, there 
are the advantages that the number of parts can he slashed and the loss at the interface is 
reduced. This exemplary embodiment can also he similarly applied to a semiconductor 
laser stack array having a linear emission part with substantially no breaks. 
[0306] Du e to this, th e r e ar e th e advantag e s that th e numb e r of parts can b e slash e d and th e 
loss at th e int e rfac e is r e duc e d. — This e mbodim e nt can also b e similarly appli e d to a 
s e miconductor las e r stack array having a lin e ar e mission part with substantially no br e aks. 
[001 741 [0307] Further, it is also possible to omit the second cylindrical lens array as shown in 
FIG. 13 and FIG. 14. Note that FIG. 13 and FIG. 14 show an example where the first beam 
converter 30 and transparent wedge plates are made integral. Further, the present exem plary 
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embodiment can also be similarly applied to a semiconductor laser stack array having a linear 
emission part with substantially no breaks. 

[001 751 {0308J-FIG. 15 is a plan view of another exemplary embodiment of the semiconductor 
laser device of the present invention, while FIG. 16 is an elevation view. The point of difference 
from the example shown in FIG. 7 and FIG. 8 is that the means for changing the beam angles is 
not the second cylindrical lens array 80, but newly separately provided cylindrical lenses 130. 
The second cylindrical lens array 80 likely h andles only the action of collimating the slow axis 
components. 

[001 761 f0309]-The cylindrical lenses 130, as shown in FIG. 16, are lenses acting in the stack 
direction of the stack array (second direction) and create angular changes by use offset in center 
axis. The cylindrical lenses 130, as shown in FIG. 16, are arranged in front of the beam 
compressor 40 or are arranged between the second cylindrical lens array 80 and the beam 
compressor 40. At that time, it is also possible to make the cylindrical lenses and beam 
compressor 40 integral. Further, the second cylindrical lens array 80 mav also he omitted. 
Fur then the present exemplary embodiment can also he similarly applied to a 
semiconductor laser stack array having a linear emission part with substantially no breaks. 
[0310] Furth e r, the s e cond cylindrical l e ns array 80 may also be omitt e d. Furth e r, th e pr e sent 
embodiment can also b e similarly appli e d to a s e miconductor las e r stack array having a lin e ar 
emission part with substantially no br e aks. 

[001 771 [0311] FIG. 17 is a plan view of another exemplary embodiment of the semiconductor 
laser device e faccording to the present invention, whiteand FIG. 18 is an elevation view. The 
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point of difference from the example shown in FIG. 7 and FIG. 8 is that the beam angles are not 
changed, but rather the method is adopted of narrowing the distance between center axes of the 
beams. Therefore, a second condensing lens 71 having a focal length G is provided after the 
second cylindrical lens array 80. 

[0312] The slow axis compon e nts of the group of b e ams emitt e d from th e laser diod e stack 
array ar e collimat e d by the s e cond cylindrical l e ns array 80 having the focal length f2, but spr e ad 
during propagation du e to th e natur e of wav e s and th e refore b e com e somewhat div e rg e nt b e ams 
b e for e th e s e cond cond e nsing l e ns. How e v e r, the c e nt e r ax e s ar e The slow axis components of 



cylindrical lens array 80 having the focal length f2, but spread during propagation due to 
the nature of waves and therefore become somewhat divergent beams before the second 
condensing lens. However, the center axes are approximately parallel. 
[001781 [0313] Therefore, if concentrating these by the second condensing lens, strictly 
sp e aking as explain e d i n as indicated above with reference to FIG. 4, discrete images are£aaJh£ 
formed. That-i sFor example , after the second cylindrical lens array 80, mor e precisely it should 
b e thought that the object move scanhe thought of as moving to a position where the wave front 
becomes flat. However, since the divergence angles are small, the offset distances of the images 
from the center axis of the second condensing lens 70 are extremely small and the images appear 
superposed almost completely., e.g., almost completely. The same may apply to the fast axis 
components. The object can he formed right after the first cylindrical lens array 20. If the 
images are concentrated using the second condensing lens 70. again discrete images mav be 




is emi 




av are collimated bv the second 
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formed. However, since the distance between images is still shorter compared with the 

slow axis components, the overall intensity profile may become an almost completely single 
peak type. 

[031 4 ] The same applies to th e fast axis compon e nts. Th e obj e ct is form e d right aft e r the first 
cylindrical lens array 20. If conc e ntrating them by th e s e cond cond e nsing lens 70, again strictly 
sp e aking discr e t e images ar e form e d. How e v e r, sinc e th e distanc e betw ee n imag e s is still short e r 
compared with the slow axis compon e nts, th e ov e rall int e nsity profil e b e comes an almost 
compl e t e ly single p e ak typ e . 

[001791 [0315] In this waymanner. at the image-forming plane of the second condensing lens 
70, a single peak type image is obtained in both directions. However, an enlarged imaging 
system is formed with a magnification of the image of G/fl in the fast axis direction and f3/f2 in 
the slow axis direction, so the image may become larger. 

[00180] {©M6]-FIGS. 19A to 19C schematically illustrate the above oxplanatio n description in a 
manner tracking the object for the configuration of FIG. 17 and FIG. 18. The illustration of 
FIG. 19A looks atg hoas the output beams of the laser diode stack array from the front. For 



stack layers (note that the total width is 10 mm and the actual number of stripes is greater than 
six). 

[00181] [0317] FIG. 19B shows th e cross s e ctional view of th e b e ams aft e r th e first b e am 
conv e rt e r, while FIG. 19C shows th e imag e form e d by th e s e cond cond e nsing lens. — N e xt, 
concrete numerical figures wil l FIG. 19B shows the cross sectional view of the beams after the 




^the purpose of simplicity, a part is taken to show six stripes per array and four 
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first heam converter, and FIG. 19C shows the image formed hv the second condensing lens. 
Next concrete numerical figures are discussed to explain the state of image formation. For 
example, it mav be giv e n to e xplain th e stat e of imap e formation. For e xampl e , assum e that th e 
emission diam e t e r of th e fast axis components is 1 assumed that the emission diameter of the 
fast axis components is 1 [i m. whil e the omission diam e t e r of th e slow axis compon e nts is 200 
m. while the emission diameter of the slow axis components is 200 pm. 
[0318] If th e focal l e ngth fl of th e first cylindrical l e ns array 20 is 0.3 mm, th e focal l e ngth f2 
of the s e cond cylindrical l e ns array 80 is 4 .5 mm, and th e focal length G of th e cond e nsing lens 
71 is 30 mm. an imag e of a siz e of about 1 m. If the focal length fl of the first cylindrical lens 
array 20 is 0.3 mm. the focal length f2 of the second cylindrical lens array 80 is 4.5 mm. and 
the focal length f3 of the condensing lens 71 is 30 mm. an image of a size of about 1 f im-m x- 
30/0.3 ~ 100 30/0.3 = 100 ^ i m in th e original array dir e ction and about 200 m in the original 
array direction and about 200 fim-m x 30/ 4 .5 ~ 1.3 mm in th e stack dir e ction of th e stack array 
is obtain e d. 

[0319] 30/4.5 = 1.3 mm in the stack direction of the stack array is obtained. However, in 
practice, there i smav be a mounting error 4 etc. in the emitters and optical system, so the 
condensing diameter in the array direction sometimes becomes about double the above or about 
200 Jim. If the output at this time is 50W, the power density becomes about 2 x 10 4 W/cm 2 . The 
spot is oval. The present exemplary embodimen t of the present invention can also be similarly 
applied to a semiconductor laser stack array having a linear emission part with substantially no 
breaks. 
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[001821 [0320] FIG. 20 is a plan view of another exemplary embodiment of the semiconductor 
laser device e faccording to the present invention, whii eand FIG. 21 is an elevation view o 
thereof . The present exemplary embodimen t can further reduces redMS the image from the 
embodiment shown in FIG. 17 and FIG. 18 to narrow the distance between center axes of the 
beams. Therefore, a condenser 70 i smav be provided after the condenser 71. A further higher 
power density can be realized from the example shown in FIG. 17 and FIG. 18. The 
present ex emplary embodiment can also be similarly applied to a semiconductor laser stack 
array having a linear emission part with su bstantially no breaks. 

[0321] A further high e r pow e r density can b e r e alized from th e e xampl e shown in FIG. 17 and 
FIG. 18. Th e pr e sent e mbodim e nt can also b e similarly appli e d to a s e miconductor laser stack 
array having a linear e mission part with substantially no br e aks. 

[0322] FIG. 22 is a sid e vi e w e xplaining a configuration providing th e e mbodim e nt shown in 
FIG. 20 and FIG. 21 with an optical axis angl e changing function n e ar th e focal point of th e 
second cond e nsing l e ns for th e stack direction and forming an image by the cond e nsing l e ns 70. 
[0323] As th e optical axis angl e changing el e m e nt, transpar e nt w e dg e plat e s 120 ar e used. 
N e ar th e focal point, e ach b e am forms an imag e , so th e b e ams ar e cl e arly s e parat e d. Th e r e for e , 
by providing the transpar e nt w e dge plat e s th e r e , it is possibl e to conv e rt all of th e b e ams to a 
beam app e aring to b e e mitt e d from a common obj e ct. 

fOOt 831 *Q334^FIG. 22 is a side view explaining a configuration providing the exemplary 
embodiment shown in FTG. 20 and FIG. 21 with an optical axis angle changing function 
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image by the condensing lens 70. As the optical axis angle changing element, transparent 
wedge plates 120 are used. Near the focal point, each beam forms an image, so the beams 



possible to convert all of the beams to a beam appearing to be emitted from a common 
object As a result, the images in the stack direction match at the image-forming point of the 
condensing lens. This effect can be similarly obtained in the array direction as well Further, it 
is also possible to change the angle of several beams together. Note that it is also possible to use 
a cylindrical lens to obtain the optical axis angle changing function. The present exemplary 
embodiment can also he similarly applied to a semiconductor laser stack array having a 
linear emission part with substantially no breaks. 

[0325] Th e pr e s e nt e mbodim e nt can also b e similarly appli e d to a s e miconductor las e r stack 
array having a lin e ar e mission part with substantially no br e aks. 

[00184] [0326] FIG. 23 is a perspective view of gtilLanother exemplary embodiment of a 
semiconductor laser device e faccording to the present invention. The present exemplary 
embodiment uses as th e m e ans an arrangement for reducing the distance between center axes of 
the beams two one-dimensional telescopes using parabolic mirrors. For this purpose , four 
cylindrical parabolic mirrors are set after the second cylindrical lens array 80. In this example, 
the compression of the semiconductor laser stack array in the array direction and the compression 
in the stack direction are functionally separated. The first cylindrical parabolic mirror 110 
and the second cylindrical parabolic mirror 111 configure the array direction compression 
telescope, while the third cylindrical parabolic mirror 112 and the fourth cylindrical 




id. Therefore, bv providing the transparent wedge plates there, it is 
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parabolic mirror 113 configure the stack direction compression telescope. The telescopes 
mav be the Kepler type or the Galileo type. In either case, a new ohiect is formed at the 
exit side of the telescope. The telescopes ma y also be configured hv cylindrical lenses. Tt is 
also possible to use a combination of cylindrical parabolic mirrors and cylindrical lenses. 
To correct the increase in divergence angles due to the beam compression, a cylindrical lens 
60 mav be provided. The present exemplary embodiment can also he similarly applied to a 
semiconductor laser stack array having a linear emission part with substantially no breaks. 
[0327] Th e first cylindrical parabolic mirror 110 and th e s e cond cylindrical parabolic mirror 
111 configur e the array dir e ction compression t e l e scop e , whil e th e third cylindrical parabolic 
mirror 112 and th e fourth cylindrical parabolic mirror 113 configur e th e stack direction 
compression tel e scop e . 

[032 8 ] Th e t e l e scopes may b e th e K e pl e r type or th e Galil e o typ e . In e ith e r cas e , a n e w obj e ct 
is formed at th e exit sid e of th e t e lescop e . Not e that th e t e l e scop e s may also b e configur e d by 
cylindrical l e ns e s. Of cours e , it is also possibl e to us e a combination of cylindrical parabolic 
mirrors and cylindrical lonscs. — To corr e ct th e increase in div e rg e nce angl e s du e to th e b e am 
compr e ssion, a cylindrical l e ns 60 may b e provid e d. 

[0329] Th e pr e sent embodim e nt can also b e similarly appli e d to a s e miconductor las e r stack 
array having a linear e mission part with substantially no br e aks. 

[001851 24 is a perspective view explaining a configuration using as the telescopes 

in the exemplary embodiment shown in FIG. 23 enes-using cylindrical lenses, in particula r and 
for example using a Kepler type for the stack direction, and further providing an optical axis 
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angle changing element at the focal point or its vicinity and combining the images. As the 
optical axis angle changing element, transparent wedge plates 120 are used. FTG. 25 is an 
enlarged view of part of this exemplary ef fect. For example, near the focal point, the beams 
form images, so the beams are clearly separated. Bv arranging the transparent wedge 
plates 120 there, it is possible to convert all of the beams to appear to he a beam emitted 
from a common object. As a result, at the image-forming point of the condensing lens 70. 
the images for stack direction coincide. FIG. 26 shows this exemplary state. At the image- 
forming point, the distance between optical axes of the beam is narrow, so there are the 
advantages that the wedge plate angle can be made small and the effective aperture of the 
70 can he made small. The effect of this exemplary embodiment can be 
iv direction as well. It is also possible to use a cylindrical lens 
to obtain the optical axis angle changing function. The present exemplary embodiment can 
also be similarly applied to a semiconductor laser stack array having a linear emission part 
with substantially no breaks. 

[0331] FIG. 25 is an e nlarg e d vi e w of part of this. — Near th e focal point, th e b e ams form 
imag e s, so th e b e ams ar e cl e arly s e parat e d. By arranging th e tranopar e nt w e dg e plat e s 120 th e r e , 
it is possible to conv e rt all of th e b e ams to app e ar to b e a b e am e mitt e d from a common obj e ct. 
[0332] As a r e sult, at th e imag e- forming point of th e cond e nsing l e ns 70, th e imag e s for stack 
dir e ction coincid e . FIG. 26 shows this stat e . At th e imago forming point, th e distanc e b e twe e n 
optical ax e s of th e b e am is narrow, so ther e ar e the advantages that th e w e dg e plat e angl e can b e 
mad e small and th e e ff e ctiv e apertur e of th e cond e nsing l e ns 70 can b e mad e small. 
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[0333] Th e e ff e ct of this embodiment can b e similarly obtain e d in th e array direction as w e ll. 
It is also possibl e to us e a cylindrical lens to obtain th e optical axis angl e changing function. 
[033 4 ] Th e pr e s e nt e mbodim e nt can also b e similarly appli e d to a s e miconductor las e r stack 
array having a lin e ar e mission part with sub s tantially no br e ak s . 

[0335] FIG. 27 is a plan vi e w of anoth e r e mbodim e nt of th e s e miconductor las e r devic e of th e 
pr e s e nt inv e ntion, while FIG. 28 is an e levation view of th e same. — This e mbodim e nt u ses 
t e l e scop e s as th e m e ans for reducing th e distanc e s b e tw ee n c e nt e r ax e s of th e b e ams. Th e r e for e , 
th e l e ns 1 4 1 is provid e d aft e r th e l e ns 1 4 0. Th e l e ns 1 4 0 and th e l e ns 1 4 1 configur e a K e pl e r 
typ e t e lescop e . Of cours e , it is also possibl e to mak e th e lens 1 4 1a concave l e ns and mak e th e 
telescope a Galil e o type. What e v e r th e cas e , th e wav e front b e com e s flat in th e vicinity of e xit 
sid e of th e l e ns 1 4 1, so a n e w obj e ct is form e d ther e . 

[001861 27 is a plan view of yet another exemplary embodiment of the 

semiconductor laser device according to the present invention, and FIG. 28 is an elevation 
view of the same. This exemplary embodiment uses telescopes as an arrangement for 
reducing the distances between center axes of the beams. Therefore, the lens 141 is 

provided after the lens 140, The lens 140 and the lens 141 configure a Kepler type 
telescope. It is also possible to make the lens 141 a concave lens and make the telescope a 
Galileo type. The wave front mav become flat in the vicinity of exit side of the lens 141. so a 
new object is formed there. First, the state of the beams at the telescope exit side will be 
explained. If the stack distance is made 1.75 mm, the number of layers 20, the stripe distance 
800 jam, the collimate diameter at the fast axis side by the first cylindrical lens array 20 200 (am, 
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the collimated diameter for the slow axis direction by the second cylindrical lens array 80 400 
|im, and the reduction ratio of the telescope 1/10, then 12 stripe images will be arranged in a 
ladder rung configuration at intervals of about 80 jim in a total width of about 14 mm in the 
original array direction. 

[0337] In th e original array dir e ction, th e b e am diameter of a singl e b e am i s about 20 InJhjL 
original array direction, the beam diameter of a single beam is about 20 fi m. go the ov e rall 
imag e s becom e discr e t e . On th e oth e r hand, four groups of b e ams are arrang e d at int e rvals of 
about 175 m. so the overall images become discrete. On the other hand, four groups of 
beams are arranged at intervals of about 175 \ i m in th e stack dir e ction of th e stack array. In 
thi s dir e ction, th e b e am diam e ter of a singl e b e am is about 4 0 m in the stack direction of the 
stack array. In this direction, the beam d iameter of a single beam is about 40 [ i m. so the 
imag e s b e com e even mor e discr e t e compar e d with th e original array dir e ction. m. so the images 
become even more discrete compared with the original array direction, 
[0338] Two dim e nsionally, the r e sult is an imag e with lin e s e gm e nts arrang e d in a r e ctangle 
of about 3.3 mm in the stack dir e ction. FIGS. 29A and 29B illustrat e th e stat e of chang e of th e 
image befor e and aft e r th e t e l e scop e . In th e s e figures, for conv e nienc e , four stack lay e rs of six 
strip e s each ar e shown. 

[001 871 f033CH-Two-dimensio nallv. the result is an i mage with line segments arranged in a 
rectangle of about 3.3 mm in the stack direction, FIGS. 29 A and 29B illustrate the state of 
change of the image before and after the telescope. In these figures, for the sake of 
convenience, four stack layers of six stripes each are shown. Next, the first condensing lens 
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70 is used to again reduce the above object and form an image so as to form an image appearing 
sufficient for practical use. The reduction ratio is made 1/4, so 12 stripes are arranged in a ladder 
rung configuration at distances of about 20 jam in a total width of about 250 (im in the original 
array direction. 

[03 4 0] On th e oth e r hand, for th e stack dir e ction of th e stack array, 20 groups of b e ams are 
arranged at intervals of about 11 For the stack direction of the stack array. 20 groups of 
beams are arranged at intervals of about 44 \im in a total width of about 830 m in a total 
width of about 830 firfh — That is, two dim e nsionally, th e r e sult is an ov e rall imag e of lin e 
s e gments arrang e d in a r e ctangl e of 250 m. In particular, two dimension ally, the result is an 
overall image of line segments arranged in a rectangle of 250 pn in th e array direction and 
j&Q -m in the array di r ection and 830 \i m in the stack direction. m in the stack direction. 
[001 88] 103 4 1] If making this that smal l lf such reduction is achieved , however, even if used 
for materials processing, con s id e ring the heat transfer and dispersion at the workpiece side = 
should be considered , whether or not the image is uniform is no longer than much of a problem. 
For example, if the output at the condensing point is 500W, the average power density of the 
overall image becomes 2.4 x 10 5 W/cm 2 - which is sufficient for materials processing such as 
deep penetration welding of metals. As a wav for reducing the distance between center axes 

present exemplary embodiment can also be similarly applied to a semiconduct 
array having a linear emission part with substantially no breaks. 
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[03 4 2] Not e that as the m e ans for r e ducing th e distanc e betw ee n center axes of th e b e ams, it is 
also possibl e to us e a t e l e scop e using a parabolic mirror. Furth e r, th e present e mbodim e nt can 
also b e similarly appli e d to a s e miconductor laser stack array having a linear e mission part with 
substantially no br e aks. 

[03 4 3] FIG. 30 is a p e rsp e ctiv e view of an exampl e of a configuration compris e d of th e 
e mbodim e nt shown in FIG. 23 plus a s e cond b e am conv e rt e r 50 b e tw e en th e array dir e ction 
t e l e scop e and stack dir e ction (s e cond dir e ction) t e l e scop e . 

{0344} Th e s e cond b e am converter 50 rotat e s th e group of b e ams for e ach array to conv e rt it 
to a singl e row ladder rung configuration. Along with this op e ration, what are compr e ss e d by th e 
s e cond t e l e scop e constitut e d by th e stack dir e ction tel e scop e are th e fast axis compon e nts. 
[00189] [03 4 5] FIG, 30 is a perspective view of an example of a configuration comprised of 
the embodiment shown in FIG- 23. as well as a second beam converter 50 between the 
array direction telescope and stack direction (second direction^ telescope. The second 
beam converter 50 rotates the group of beams for eac h array to convert it to a single row 
ladder rung configuration- Along with this operation, the fast axis components are 
compressed bv the second telescope constituted hv the stack direction telescope. Therefore, 
together with the first telescope constituted by the array direction telescope, the fast axis 
components are compressed twice. The second beam converter (50) preferably is struck by the 
beams of each stack bar at its beam conversion elements. The stack beams may also strike it 
after being superposed. In this case, the beam is divided and rotated for each beam conversion 
element of the second beam converter. 
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[001901 [03 4 6] Howev e r, inl a the example of the configuration shown in FIG. 30, when the 
laser beams passing through the first beam compressor (110, 111) are beams having some 
divergence angles in the fast axis direction, when the laser beams pass through the second beam 
converter (50), they protrude out to the adjoining beam conversion elements and, as shown in 
FIG. 31, form ghosts. As a result, the thruput of the beams is reduced. Therefore, as shown in 
FIG. 32. it mav he preferable to provide between the first beam compressor (110, 1 in and 
second beam converter (50^ a cylindrical lens (fifth condenser (154YI for bending and 
collimating the laser beams of each row passing through the first beam compressor (110, 
111) in a first direction (slow axis direction). By provision of the fifth condenser (154), the 
envelope line of the group of laser beams passing through the second beam converter (5(T> 
becomes narrower and the ghosts disappear. 

[03 4 7] Th e r e for e , as shown in FIG. 32, it is pr e f e rabl e to provid e b e tween th e first b e am 
compr e ssor (110, 111) and s e cond b e am converter (50) a cylindrical l e ns (fifth cond e ns e r (15 4 )) 
for b e nding and collimating th e laser beams of e ach row passing through th e first beam 
compr e ssor (1 10, 1 1 1) in a first direction (slow axis direction). 

[03 48 ] By provision of th e fifth cond e ns e r (15 4 ), th e e nv e lope lin e of th e group of laser 
b e ams passing through th e s e cond b e am conv e rt e r (50) b e comes narrow e r and th e ghosts 
disapp e ar. 

[001911 [03 4 9] Not e that onefl ng of the properties of light is the constant nature of the product 
D-0 of beam diameter D and divergence angle 0. The smaller the product, the better the 
condensability. Further, if the fast axis component is one where Df = 1 [im and Of = 0.698 rad 
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and the slow axis component is one where Ds = 200 jam and 9s = 0.175 rad, then Df9f = 0.7 
jum-rad and DsOs = 35 (imrad, so there is a 50-fold gap in the size of the products. In this way, 
the slow axis component is better in condensability, so compressing the fast axis component 
twice is advantageous. 

[0350] Convers e ly, th e beam div e rgenc e angle is incr e ased by th e amount of compression, so 
th e re is a concern that th e ov e rall b e am diam e ter of the striking th e cond e nsing l e ns will b e com e 
larg e r. Th e r e for e , th e cylindrical l e ns 60 is arrang e d to clos e th e gap of diverg e nc e betwe e n the 
array dir e ction and th e stack dir e ction. 

[0351] The pr e s e nt Conversely, the beam divergence angle is increased bv the amount of 
compression, so there is a concern that the overall beam diameter of the striking the 
condensing lens will become larger. Therefore, the cylindrical lens 60 is arranged to close 
the gap of divergence between the array direction and the stack direction. The present 
exemplary embodiment can also be similarly applied to a semiconductor laser stack array having 
a linear emission part with substantially no breaks. 

[001921 [0352] FIG. 33 is a perspective view of another exemplary embodiment of the present 
invention in which the arrangement of FIG. 30 is augmented by stack direction and array 
direction transparent wedge plates (120, 121). Thejhis figure shows the cas e of dividing that the 
group of beams is divided into three to change the direction in the stack direction and the array 
direction. 
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[0353] Furth e r, FIG. 3 4 shows anoth e r embodim e nt compris e d of th e e mbodim e nt shown in 
FIG. 33 wh e r e in th e first b e am compr e ssor (110, 111) and the s e cond beam conv e rter (50 hav e a 
cylindrical l e ns (first cond e nser (15 4 )) provid e d betw e en them. 

f Of" Ml ffl3544-Fyrther. FIG. 34 shows another exemplary embodiment comprised of the 
embodiment shown in FIG. 33 wherein the first beam compressor M10. 1111 and the second 
beam converter (50 have a cylindrical lens (first condenser (154)) provided between them. 

The group of beams is divided into three in the stack direction and the array direction, then the 
beams are superposed at the image-forming point of the condensing lens 70. That is, in each 
embodiment, compared with the method shown in FIG. 30, the spot diameter becomes about 1/3. 
Further, instead of the transparent wedge plates, it is also possible to use a beam compressor. 
[00194] [0355] Th e pr e s e nt e mbodiment can also b e similarly appli e d to a s e miconductor laser 
stack array having a lin e ar e mission part with substantially no br e aks. 

[0356] FTG 35 is a viow for oxplainingThe present exemplary embodiment can also be 
similarly applied to a semiconductor laser stack array having a linear emission part with 
substantially no breaks, FIG. 35 is a view illustrating an optical axis shift using a beam 
shifter. As the beam shifter, it is possible to use transparent parallel plates. The principle of 
optical axis shift is based on the law of refraction. When light passes through transparent parallel 
plates having a refractive index n and thickness t, the optical axis is shifted in parallel according 
to the refractive index n and thickness t and the incidence angle 9. 

[0357] Th e shift r is e xpress e d by th e e quation r - t - sin( The shift r is expres sed hv the 
equation r = t*sin( 9-c|)Vees^Vcos((|) V wh e re V where ^-sm^tea l = sin-^sinffl VnY If arranging 
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th e beam shifter in advanc e of th e first b e am conv e rt e r 30 to adjust th e incidence angl e , it is 
possible to adjust th e b e am optical axes at th e cent e r of th e apertur e of th e first beam convert e r 
SftrVnl- U arranging the beam shifter in advance of the first beam converter 30 to adjust 
the incidence angle, it is possible to adjust the beam optical axes at the center of the 
aperture of the first beam converter 3(1 Further, hv arranging it in advance of the second 
cylindrical lens array 80 to adjust the angle, it is possible to adjust the beam optical axes at 
the center of the aperture of the second cylindrical lens array 80. Further, if changing the 
positions of the beams striking the second cylindrical lens array 80 bv this, it is possible to 
give an angular chan ge to the beams. 

[0358] Further, by arranging it in advance of th e s e cond cylindrical l e ns array 80 to adjust th e 
angl e , it is possibl e to adjust th e b e am optical ax e s at th e c e nter of th e ap e rtur e of th e second 
cylindrical l e ns array 80. Furth e r, if changing th e positions of th e beams striking th e s e cond 
cylindrical l e ns array 80 by this, it is possibl e to giv e an angular chang e to th e beams. 
[0359] FIG. 36 is a p e rsp e ctiv e view of anoth e r e mbodiment of th e pr e s e nt inv e ntion 
compris e d of th e arrang e m e nt of FIG. 30 from which on e b e am convert e r is r e mov e d and having 
th e array dir e ction (first dir e ction) and stack dir e ction (s e cond dir e ction) t e lescop e s switch e d. 
[0360] Th e first cylindrical lens 20 is us e d to collimat e th e fast axis compon e nts, th e n th e fast 
axis components of th e e ntir e stack ar e compr e ss e d all tog e th e r by th e s e cond b e am compressor 
(in th e figur e , compris e d by 112 and 113), th e n th e s e cond b e am conv e rt e r 50 is us e d to 
indiscriminately divid e and rotat e th e slow axis compon e nts. 

[00125] f03614-FIG. 36 is a perspective view of still another exemplary embodiment of the 
present invention comprised of the arrangement of FIG. 30 from which one beam converter 
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is removed and having the array direction (first direction^ and stack direction (second 
direction^ telescopes switched. The first cylindrical lens 20 is used to collimate the fast axis 
components, then the fast axis components of the entire stack are compressed all together 
by the second beam compressor fin the figure, comprised by 112 and 113), then the second 
beam converter 50 is used to indiscrimina tely divide and rotate the slow axis components. 
This state is shown in FIG. 37. The first cylindrical lens array 20 may be used to obtain 
sufficiently broadened beam diameters close to the stack pitch. The pitch of the second beam 
converter 50 is made 0.5 mm or so. When emerging from the second beam converter 50, the 
beams are aligned vertically. Further, the second beam compressor (cylindrical parabolic 
mirrors) 112, 113 is used to compress the fast axis components in the array direction, the 
cylindrical lens 60 is used to match the divergence of the fast axis components and slow axis 
components, then the condensing lens 70 is used for focusing. As the first cylindrical lens 

array 20, it is possible to use lenses with a relatively long focal length, A clearance up to 
the emitters of about 1 mm mav he taken, so easy alignment becomes possible. The present 
exemplary embodiment can also he similarly applied to a semiconductor laser stack array 
having a linear emission part with substantially no breaks. 

[0362] As th e first cylindrical lens array 20, it is possibl e to u se lenses with a r e lativ e ly long 
focal l e ngth. A cl e aranc e up to the e mitt e rs of about 1 mm may b e taken, go e asy alignm e nt 
b e com e s possibl e . 

[0363] The pr e sent e mbodim e nt can also be similarly appli e d to a s e miconductor laser stack 
array having a lin e ar emission part with substantially no br e aks. 
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[036 4 ] FIG. 38 is a persp e ctive view of anoth e r e mbodim e nt of th e pr e sent invention 
compris e d of th e arrang e m e nt of FIG. 36 augment e d by stack dir e ction and array dir e ction 
tran s par e nt wedg e plat e s (120, 121). Th e figur e shows th e cas e of dividing the group of beams 
into thr ee and changing th e ir dir e ctions in the stack dir e ction and array dir e ction. 
[0365] The group of beams is divid e d into thr ee in th e stack dir e ction and th e array dir e ction, 
then the beams ar e sup e rpos e d at the imag e forming point of th e condensing l e ns 70. That is, 
compar e d with th e m e thod shown in FIG. 36, th e spot diamet e r b e com e s about 1/3. — Furth e r, 
inst e ad of th e transpar e nt w e dg e plat e s (120, 121), it is also possibl e to use a b e am compr e ssor. 
[00196] f0366f -FIG. 38 is a perspective view of a nother exemplary embodiment of the 
present invention comprised of the arrangement of FIG. 36 augmented by stack direction 
and array direction transparent wedge plates (120, 121). The figure shows the case of 
dividing the group of beams into three and changing their directions in the stack direction 
and array direction. The group of beams is divided int o three in the stack direction and the 
array direction, then the beams are superposed at the image-forming point of the 
condensing lens 70. That is, compared with the method shown in FIG. 36, the spot 
diameter becomes about 1/3. Further, instead of the transparent wedg e plates (120. 121V it 
is also possible to use a beam compressor. Further, as shown in FIG. 39, to make the ghosts 
derived from the divergence angle in the fast axis direction of the laser beams disappear, it is 
preferable to provide between the second beam compressor (152, 153) and the beam converter 
(50) a cylindrical lens (fifth condenser (155)) for bending and collimating each row of laser 
beams passing through the second beam compressor (152, 153). In this case, the beam 
compressor is comprised of cylindrical lens. 
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[0367] Th e pr e sen t The present exemplary embodiment can also be similarly applied to a 
semiconductor laser stack array having a linear emission part with substantially no breaks. 
[001971 [036 8 ] F IG. 40 is a perspective view of another exemplary embodiment of a 
semiconductor laser device o faccording to the present invention. The point of difference from 
the example shown in FIG. 7 and FIG. 8 is that the mea rear ran gemen t for changing the beam 
angles is not the second cylindrical lens array 80, but a parabolic mirror 1 1 1 used as a beam 
compressor (in the figure, comprised of 110 and 111) with a reflecting face segmented 
corresponding to the groups of beams. The present exemplary embodiment can also be 
similarly applied to a semiconductor laser stack array having a linear emission part with 

{0569} Th e pr e s e nt e mbodim e nt can also b e similarly applied to a s e miconductor las e r stack 
array having a lin e ar e mission part with substantially no breaks. 

[0370] As e xplain e d using th e e mbodim e nts abov e , th e pr e s e nt invention can mak e th e las e r 
en e rgy conv e rg e at an e xtr e m e ly small ar e a. To furth e r rais e th e conv e rg e nc e d e gr ee , how e v e r, it 
is n e c e ssary to rais e the parallelism of th e optical ax e s of the las e r beams e mitt e d from th e first 
cylindrical l e ns array (first cond e ns e r). 

[001 98] 103711 That is As explained herein with respect to other exemplary embodiments. 
the present invention can make the laser energy converge at an extremely small area. To 
further raise the convergence deg ree, however, it mav be needed to raise the parallelism of 
the optical axes of the laser beams emitted from the first cylindrical lens array (e.g., a first 
condenser). In particular , if there is error of as little as about 1/10000 radian in the mounting of 
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the first cylindrical lens array (first condenser), the parallelism between optical axes of the laser 
beams emitted from the laser diode stack array will deteriorate and the beams will end up being 
condensed at a point different from the scheduled condensing point in some cases. 
[0372] Due to this, it is Due to this* it mav he preferable to provide in front of the first 
cylindrical lens array (first condenser) an angle adjuster able to finely adjust the optical axis 
angle on the order of 1/10000 radian in the second direction (slow axis direction) for each row. 
[00199] [0373] An example of this angle adjuster is shown in FIG. 41. As shown in the figure, 
two wedge plates (PI and P2) having predetermined inclination angles (<|>) are combined in 
reverse directions. One (PI) is fixed, while one (P2) is rotatable (rotation angle 0). Note that in 
the figure, the arrows show the optical axes. 

[037 4 ] With th e singl e rotatabl e wedge plate, fine adjustm e nt of th e optical axis angl e of a 
las e r b e am on th e 1/10000 radian ord e r is not possibl e , but with th e above configuration using 
two w e dg e plat e s, fin e adjustm e nt of th e optical axis angl e on th e 1/10000 radian order is 
possibl e . 

[0375] FIG. 4 2 shows the adjustm e nt angl e s of an optical axis wh e n using w e dg e plates with 
inclination angl e s With the single rotatable wedge plate, fine adjustment of the optical axis 
angle of a laser beam on the 1/1QQQ0 radian order is not possible, but with the above 
configuration using two wedge plates, fine adjustment of the optical axis angle on the 
1/100QQ radian order is possible. FIG. 42 shows the adjustment angles of an optical axis 
when using wedge plates with inclination angles $ of L5°. 3°. and 4 .5°. making th e incid e nce 

angle - of 1.5°, 3°, and 4.5°, making the incidence angle 0 1 to tho first wodgo pinto PI (fixed) 0, 
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making n (r e fractive ind e x) 1.511. and rotating th e s e cond w e dg e plat e P2 (abscissa 1 to the first 
wedge plate PI rfixed) 0. making n (refractive index) 1.511. and rotating the second wedge 
plate P2 (abscissa 6247 

[0376] Wh e n th e inclination angle When the inclination ang le § ir, 3°. th e rotation angl e 
is 3°. the rotation ang le 02-4s — 10° to 1 4 ° and angl e adjustm e nt of about 1/1000 radian is 
fxwsible.2 is -10° to 14° and angle adjustment of about 1/1000 radian is possible. However. 

since the polarization directions of the optical axes are the same (for example, only minus 
side), when using the above angle adjuster, care and ingenuity mav he required. 
[0377] How e v e r, sinc e th e polarization dir e ctions of th e optical ax e s ar e th e sam e (for 
e xampl e , only minus sid e ), wh e n using th e abov e angl e adjust e r, care and ing e nuity ar e r e quir e d. 
[037 8 ] How e v e r, what e v e r th e cas e , by using th e abov e angl e adjust e r, it is possible to obtain 
th e e ff e ct of th e pres e nt inv e ntion mor e r e markably. 

1002001 *Q3?Q4-However. whatever the case, hv using the above angle adjuster, it is possible 
to obtain the effect of the present invention more remarkably. FIG. 51 is a schematic view 
for explaining the optical system comprised of the first beam converter 30, the beam compressor 
40, and the second beam converter 50 of the present invention. The first beam converter 30, as 
shown in FIG. 51, is formed by linking a suitable number of optical elements 32 in a two- 
dimensional array. The width and height of the first beam converter correspond to the emission 
face of the laser diode stack array. The optical elements 32. as shown in FIG. 51. have light 
receiving faces for receiving light face-perpendicular to the laser beams 36 having axial 
directions of the active laver stripes in the width direction of the first beam converter and 
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output faces for outputting face-verticallv the laser beams 37 processed to twist in their 
optical paths along the optical axes in the optical elements and he converted in optical 
paths. 

[0380] Th e optical e l e m e nts 32, as shown in FIG. 51, hav e light rec e iving fac e s for r e ceiving 
light fac e p e rp e ndicular to th e las e r b e ams 36 having axial dir e ctions of the activ e lay e r stripes in 
the width dir e ction of th e first b e am converter and output fac e s for outputting fac e v e rtically th e 
laser beams 37 proc e ss e d to twist in th e ir optical paths along the optical ax e s in th e optical 
el e ments and b e conv e rt e d in optical paths. 

[002011 {03£t}-The optical elements 32 for example horizontally receive laser beams 36 having 
directions of the long axes of the stripes emitted from the active layer stripes arranged at intervals 
of 800 jxm and rotate the orientations of the cross-sections of the received laser beams about 90° 
to convert the beams so that the stripe axial directions become vertical. 

[0382] Th e optical e l e ments 32 us e d for th e first b e am conv e rt e r 30 g e n e rally are provid e d in 
a on e- to-on e corr e spond e nce with th e active layer strip e s 12 of th e las e r diod e stack array 10 
us e d for a las e r d e vic e incorporating th e first b e am convert e r. 

[0383] Ther e for e , wh e n for e xampl e using a las e r diod e stack array compris e d of 20 arrays 
each compris e d of 12 activ e lav e r strip e s at int e rvals of 800 The optical elements 32 used for 

the first beam converter 30 generally are provided in a one-to-one correspondence with the 
active laver stripes 12 of the laser diode stack array 10 used for a laser device incorporating 
the first beam converter. Therefore, when for example using a laser diode stack array 
comprised of 20 arrays each comprised of 12 active laver stripes at inter vals of 800 fim-rad- 
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stack e d ev e ry 1.75 mm, th e first b e am convert e r b e com e s on e compris e d of arrays of 12 optical 
elements at intervals of 800 m and stacked every 1,75 mm, the first beam converter becomes 
one comprised of arrays of 12 optical elements at intervals of 800 ^im stacked every 1.75 mm. 
[00202] {0384J-However, as shown in the example shown in FIG. 9, when active layer stripes 
are arranged in a high density, it is deemed that the laser beams are emitted from a single 
continuous wave. By punctuating the laser received at the first beam converter at suitable 
intervals and rotating the laser beam by about 90° at each portion for use, it is possible to treat 
this as a laser diode linear array having ladder rung configuration emission parts having those 
intervals as widths and further as a laser diode stacked array comprised of these laser diode linear 
arrays stacked together. 

[0385] For this purpos e , it is For this purpose, it mav he sufficient to arrange a suitable 
number of optical elements in parallel two-dimensionally regardless of the number of active layer 
stripes. 

[00203] {0386]-To meet with the fact that the emission face of the laser diode stack array is a 
flat surface, it is convenient in terms of the structure of the laser device that the incidence faces 
and emission faces of the first beam converter 30 be arranged on single planes across the entirety 
of the first beam converter. 

[00204] [0387] The above optical elements may be formed based on various principles as 
show ndescribed in U.S. Patent No. 5,513,201. 

{0388} 5-513.201. the entire disclosure of which is inconorated hv reference. First there 
are ones based on twisting by three reflection actions. This is easy to understand if envisioning 
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three right angle prisms. That is, three right angle prisms are combined as shown in FIG. 52. If 
the first right angle prism receives a horizontally oriented flat laser beam, the beam is converted 
to a vertically oriented flat laser beam twisted 90° by the three total reflection actions in the first, 
second, and third prisms and is emitted from the third right angle prism. The functions 
performed by the three right angle prisms can be achieved by a single prism element as shown in 
FIG. 53. If arranging such prism elements in a one-dimensional array to ohtain a prism 

array such as in FIG. 54, an array of laser beams aligned linearly in a broken line 
configuration is received and is emitted converted to an array of laser beams aligned in 
parallel in a ladder rung configuration. 

[0389] If arranging such prism e l e m e nts in a on e dimensional array to obtain a prism array 
such as in FIG. 5 4 , an array of las e r b e ams align e d lin e arly in a broken lin e configuration is 
r e c e iv e d and is e mitt e d conv e rt e d to an array of las e r b e ams align e d in parall e l in a ladd e r rung 
configuration. 

{0390} Such a prism array can b e form e d monolithically from a singl e glass plate as shown in 
FIG. 55. 

[0391] If v e rtically stacking such prism arrays to obtain a two dim e nsional array of prism 
elem e nts as shown in FIG. 56, an array of las e r beams compris e d of brok e n lines arrang e d in 
parall e l is r e c e iv e d and is e mitt e d conv e rted to an array of las e r b e ams compris e d of ladd e r rungs 
align e d in parall e l. 

[00205] f03934-Such a prism array can he formed monolithically from a single glass plate 
as shown in FIG, 55. Tf vertically stacking such prism arrays to obtain a two-dimensional 
ments as shown in FIG. 56. an array of laser beams comprised of broken 
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is received and is emitted converted to an array of laser beams 
mralkL The three reflection actions do not necessarily 
have to be at right angles as in a right angle prism. In the final analysis, it is sufficient that an 
array of laser beams comprised of broken lines arranged in parallel be received and converted to 
an array of laser beams comprised of ladder rungs aligned in parallel. Further, the optical 
elements using reflection surfaces may also be not prisms, but suitably arranged reflection 
mirrors. When using reflection mirrors to form the beam converter, it is sufficient to form 
a mirror array so that the total reflecting faces of the prism array are used as the reflecting 
face. As the material, a metal, metal plated glass, reflective coated glass, plastic, silicon, etc. 
may he used. 

[0393] Furth e r, th e optical e l e m e nts using r e fl e ction surfac e s may also be not prisms, but 
suitably arrang e d r e flection mirrors. 

[039 4 ] When using r e fl e ction mirrors to form th e b e am conv e rt e r, it is suffici e nt to form a 
mirror array so that th e total r e fl e cting fac e s of th e prism array ar e used as th e r e fl e cting fac e . As 
th e mat e rial, a m e tal, m e tal plat e d glass, refl e ctiv e coat e d glass, plastic, silicon, e tc. may b e 
us e d. 

{0395} Fin e optical e l e m e nts can be produc e d by pr e cision di e s or produc e d by applying for 
e xampl e s e miconductor production proc e ss e s or LIGA proc e sses. Wh e n using silicon crystals, 
proc e ssing also b e com e s e asy is using th e cl e avag e fac e s as r e flecting mirror surfac e s. 
[002061 fQ39&-Fine optical elements can be produced hv precision dies or produced hv 
applying for example semiconductor productk 
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sing also hecomes easy is using 




surfaces. If using a one-dimensional mirror array, an array of laser beams aligned linearly in a 
broken line configuration is received and is emitted converted to an array of laser beams arranged 
in parallel in a ladder rung configuration. If vertically stacking such mirror arrays to obtain a 
two-dimensional array of mirror elements as shown in FIG. 57, an array of laser beams 
comprised of broken lines aligned in parallel is received and is emitted converted to an array of 
laser beams comprised of ladder rungs aligned in parallel. 

[0397] FIG. 58 is a vi e w of a first b e am conv e rter compris e d of cylindrical lenses aligned in 
parall e l. The first b e am conv e rt e r is compris e d of two parall e l arrang e m e nts of cylindrical l e nses 
inclin e d 4 5° in ax e s facing e ach oth e r across a space having a suitabl e distanc e . 
[0398] Th e flat b e ams striking th e incid e nce fac e s horizontally r e c e iv e refractiv e forces 
diff e ring d e p e nding on th e incid e nc e positions from th e 4 5° inclin e d cylindrical l e ns e s wh e reby 
th e y ar e rotat e d in flat ax e s and furth e r ar e rotat e d in flat ax e s by a total of 90° by 4 5° inclin e d 
cylindrical l e ns and e mitt e d from th e e mission fac e s. 

[00207] {Q399fFIG. 58 is a view of a first beam converter comprised of cylindrical lenses 
aligned in parallel. The first heam converter is comprised of two parallel arrangements of 

cylindrical lenses inclined 45° in axes facing each other across a space having a suitable 
distance. The flat beams striking the incidence faces horizontally receive refractive forces 
differing depending on the incidence positions from the 45° inclined cylindrical lenses 
whereby thev are rotated in flat axes and further are rotated in flat axes bv a total of 90° bv 
45° incline d cylindrical lens and emitted from the emission faces. By using the first beam 
converter, the stripe beams from the laser diode stack array are substantially changed to an array 
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of ladder rungs arranged in parallel. When the array of 45° inclined cylindrical lenses does not 
match the array of stripes of the adjoining LD linear array layers, the cylindrical lens array may 
be cut divided into different regions to correspond to the LD linear array layers and shifted to 
match with the stripes. 

{0400} FIG. 59 shows a first beam conv e rt e r compris e d of a plurality of joined optical glass 
optical e l e m e nts with incid e nc e fac e s and emission fac e s having cylindrical surfac e s, having 
parall e l sid e fac e s, and having d e ns e in s id es . Thes e optical e l e m e nts ar e also types of cylindrical 
l e ns e s. 

[0 4 01] Th e optical e l e m e nts ar e inclin e d 4 5° with resp e ct to th e horizontal plane. Th e flat 
b e ams striking th e incid e nc e fac e s horizontally rec e iv e diff e r e nt r e fractiv e forc e s arising at th e 
cylindrical surfac e s of th e 4 5° inclin e d incid e nc e faces wh e r e by th e y ar e rotat e d in flat ax e s and 
furth e r ar e rotat e d about 90° in flat ax e s at th e 4 5° inclin e d cylindrical surfac e s of the emission 
fac e s and e mitt e d from th e e mission fac e s. 

{0402} By using th e first b e am conv e rt e r, th e strip e b e ams from th e las e r diod e stack array ar e 
substantially chang e d to an array of ladd e r rungs arrang e d in parall e l. 

[00208] f04Q^-FTG. 59 shows a first beam converter comprised of a plurality of joined 
optical plass optical elements with incidence faces and emission faces having cylindrical 
surfaces, having parallel side faces, and having dense insides. These optical elements are 
also types of cylindrical lenses. The optical elements are inclined 45° with respect to the 
horizontal plane. The flat beams striking the incidence faces horizontally receive different 
refractive forces arising at the cylindrical surfaces of the 45° inclined incidence faces 
whereby thev are rotated in flat axes and further are rotated about 90° in flat axes at the 
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45° inclined cylindrical surfaces of the emission faces and emitted from the emission faces. 
Bv using the first beam converter, the stripe beams from the laser diode stack array are 
substantially changed to an array of ladder rungs arrang ed in parallel. When aligned with 
the intervals between stripe beams, there is no need for the side faces to be parallel faces. It is 
also possible to use cylindrical lenses with circular cross-sections. When the array of 45° 
inclined cylindrical lenses does not match the array of stripes of the adjoining LD linear array 
layers, in the same way as the above, the cylindrical lens array may be cut divided into different 
regions to correspond to the LD linear array layers and shifted to match with the stripes. 
[00209] [0 4 0 4 ] FIG. 60 shows a first beam converter fabricated from a block of optical glass. 
This beam converter is comprised of an optical glass prism with a rectangular cross-section 
formed on its incidence face and emission face with a plurality of cylindrical surfaces inclined 
45° in the same direction and has the same functions as the beam converter of FIG. 59. When 
the array of 45° incl ined cylindrical surfaces does not match the array o f stripes of the 
adjoinin g linear array LD layers, in the same wav as the above* the cylindrical surface area 
may be cut divided into different regions to correspond to the LD linear array layers and 
shifted to match with the stripes. 

[0 4 05] Wh e n th e array of 4 5° inclined cylindrical surfac e s do e s not match th e array of strip e s 
of th e adjoining lin e ar array LD layers, in th e sam e way as th e above, th e cylindrical surfac e ar e a 
may b e cut divid e d into diff e r e nt r e gions to corr e spond to the LD lin e ar array layers and shift e d 
to match with th e strip e s. 
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[00210] {0406J-FIG. 61 shows a first beam converter comprised of a plurality of dub prisms. 
The optical elements are inclined 45° with respect to the horizontal plane. The flat beams 
entering the incidence faces horizontally become flat beams emitted vertically at the emission 
faces since the reflection positions at the bottom surface differ depending on the incidence 
positions. Therefore, the beams are emitted with flat axes rotated about 90°. Bv using the 
first beam converter, the stripe beams from the laser diode stack array change to an 
arrangement of ladder rungs aligned in parallel. When joining adjoining prisms, if 
necessary, it is possible to give the bottom surface of the dub prism a reflective coating. 
The beam converter mav also be one using optical elements utilizing diffraction. 
[0 4 07] Th e r e for e , the b e ams ar e e mitted with flat ax e s rotat e d about 90°. By using th e first 
b e am conv e rt e r, th e strip e b e ams from the laser diod e stack array change to an arrang e m e nt of 
ladd e r rungs align e d in parall e l When joining adjoining prisms, if n e c e ssary, it is possibl e to 
giv e th e bottom surfac e of th e dub prism a r e fl e ctive coating. 

{©408} Th e b e am conv e rt e r may also b e on e using optical e lem e nts utilizing diffraction. 
FIG. 62 is a view of an optical e l e ment utilizing binary optical e lem e nts. This optical e l e m e nt is 
comprised of a transpar e nt plat e provided with a plurality of groov e s arrang e d with cent e r ax e s 
inclin e d 4 5° and changing in d e pth in a dir e ction p e rp e ndicular to th e c e nter axes symmetrically 
with r e sp e ct to the c e nt e r ax e s. 

[002111 10 4 091 FIG, 62 is a view of an optical element utilizing binary optical elements. 
This optical element is comprised of a transparent plate provided with a plurality of 
grooves arranged with center axes inclined 45° and changing in depth in a direction 
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o the center axes symmetrically with respect to the center axes. The grooves 



change in depth so as to increase the diffraction angle the further from the centers to the outsides 
using diffraction. The stepped surface at the emission face is cut to be face symmetric with the 
stepped surface at the incidence face. The flat beams striking the incidence face horizontally 
receive refractive forces differing according to the incidence positions at the stepped surface with 
center axes inclined 45°, whereby the flat axes rotate. Further, from the emission face to the 
stepped surface with center axes inclined 45°, the flat axes rotate a total of 90° for emission of 
the beams from the emission face. Such a binary optical element is comprised of optical glass 
or plastic. In addition to production by a semiconductor production process, it may also be 
produced using dies. 

[0 4 10] Such a binary optical el e m e nt is compris e d of optical glass or plastic. In addition to 
production by a s e miconductor production proc e ss, it may also b e produc e d using dies. 
[0 4 11] FIG. 63 shows a first b e am conv e rt e r compris e d of a plurality of joined on e 
dim e nsional profile r e fractiv e ind e x l e ns e s compris e d of optical glass m e mb e rs becoming high e st 
in r e fractiv e ind e x at th e c e nt e r face and b e coming low e r in r e fractive ind e x th e clos e r to th e side 
fac e s. 

[00212] [0 4 12] FIG. 63 shows a first beam converter comprised of a plurality of joined 
one-dimensional profile refractive index lenses comprised of optical fflass members 
becoming highest in refractive index at the center face and becoming lower in refractive 
index the closer to the side faces. The one-dimensional profile refractive index lens is inclined 
45° with respect to the horizontal plane. The flat beams striking the incidence face horizontally 
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receive refractive forces directed to the center face inclined 45 °, whereby they are rotated about 
90° in flat axes and emitted from the emission face. 

[00213] [0 4 13] FIG. 64 shows a first beam converter comprised of an optical glass plate formed 
on its two surfaces with a plurality of pairs of substantially semicylindrical profile refractive 
index elements arranged facing each other in the same directions. The center axes of the 
semicylinders are inclined 45° with respect to the horizontal plane. The refractive index is 
highest at the center of the semicircles, while the refractive index becomes lower the further to 
the outsides. The two surfaces of the optical glass plate form the incidence face and the 
emission face. Flat beams striking the incidence face horizontally receive refractive forces 
differing according to the incidence positions due to profile refractive index lens elements 
inclined 45° and are emitted from the emission face rotated in flat axes about 90°. 
{0444} Th e two surfac e s of th e optical glass plat e form the incid e nc e fac e and th e emission 
£aee^ — Flat b e ams striking th e incid e nc e fac e horizontally r e c e iv e r e fractive forc e s diff e ring 
according to the incid e nc e positions du e to profil e r e fractiv e index l e ns e l e m e nts inclin e d 4 5° 
and ar e e mitted from th e emission fac e rotat e d in flat ax e s about 90°. 

[0 4 15] FIG. 65 is a p e rsp e ctive view of a b e am compre s sor using an anamorphic prism as an 
embodim e nt other than th e r e fl e ction mirror typ e b e am compr e ssors or transmis s ion lens typ e 
b e am compr e ssors shown up to h e r e , whil e FIG. 66 is a plan view of the sam e . 
[0 4 16] If th e anamorphic prism is struck by parall e l b e ams having c e rtain widths, th e y ar e 
conv e rt e d to b e ams short e n e d in width du e to th e r e fractive e ff e ct and e mitt e d from th e 
anamorphic prism. 
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[0 4 17] As shown in th e p e rspective view of FIG. 67 and its plan vi e w constitut e d by FIG. 68, 
if providing on e more anamorphic prism to mak e an anamorphio prism pair, th e two r e fraction 
e ff e cts furth e r caus e not only th e width to b e r e duc e d, but also th e e mission optical axis to only 
mov e in parall e l with th e incid e nc e optical axis and not change in dir e ction. 
[00214] f044SJ -FIG. 65 is a perspective view of a beam compressor using an anamorphic 
prism as an exemplary embodiment other than the reflection mirror tvne beam 
compressors or transmission lens type beam compressors shown up to here, while FIG. 66 
is a plan view of the same. If the anamorphic prism is struck bv parallel beams having 



and emitted from the anamorphic prism. As shown in the perspective view of FIG. 67 and 
its plan view constituted hv FIG. 68. if providing one more anamorphic nrism to make an 
anamorphic prism pair, the two refraction effects further cause not only the width to he 
reduced, hut also the emission optical axis to only move in parallel with the incidence 
optical axis and not change in direction. The group of laser beams comprised of a plurality of 
rows of laser beams, emitted from the first beam converter and arranged in parallel in a ladder 
rung configuration, further arranged in parallel to form a two-dimensional array is compressed by 
the anamorphic prism and converted to rows of laser beams where the individual rows of laser 
beams are compressed and the ladder rung intervals are shortened and as a result are converted to 
an arrangement wherein these compressed rows of laser beams are aligned in a single row. 
Further, if preparing another ana morphic prism pair and using a total of four anamorphic 
prisms, it is possible to position the emission optical axis in front of the incidence optical 




verted to beams shortened in width due to the refractive effect 
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axis. Of course, if a change in the orientation of the optical axis is not minded, it is also 
possible to use just one anamorphic prism, 

[0 4 19] Further, if preparing another anamorphic prism pair and using a total of four 
anamorphic prisms, it is possible to position the emission optical axis in front of th e incidence 
optical axis. Of cours e , if a chang e in th e ori e ntation of th e optical axis is not mind e d, it is also 
possibl e to us e just on e anamorphic prism. 

[0 4 20] Th e s e cond b e am conv e rt e r 50, as s hown in FIG. 51, is form e d by linking a numb e r of 
optical e l e ments in a on e dim e nsional array corr e sponding to th e numb e r of stack layers of th e 
laser diode stack array. — Th e optical e l e m e nts 52 us e d for th e s e cond b e am convert e r 50 ar e 
provid e d in a on e to on e corr e spond e nc e with th e compr e ss e d rows of laser b e ams e mitt e d from 
th e b e am compr e ssor 4 0. 

[0 4 21] Wh e n not using th e first b e am conv e rt e r, but using th e first b e am compressor to first 
compr e ss th e fast axis compon e nts, th e second b e am converter divid e s and rotates th e slow axis 
components. This is similar to th e case of th e quasi CW LDs b e ing divid e d and rotat e d by th e 
first b e am conv e rt e r. 

[002151 fQ422j -The second beam converter 50. as shown in FIG. SI, canhe formed hv 
linking a number of optical elements in a one-dimensional array corresponding to the 



second beam converter 50 are provide d in a one-to-one correspondence with the 
compressed rows of laser beams emitted from the beam compressor 40. When not using 
the first beam converter, hut using the first beam compressor to first compress the fast axis 
components, the second beam converter divides and rotates the slow axis components. This 





er diode s 




tical elements 52 used for the 
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is similar to the case of the quasi-CW LPs heing divided and rotated bv the first beam 
converter. The optical elements 52 twist the incident laser beams 90° by the same principle as 
the optical elements 32 used for the first beam converter 30. Therefore, when the group of laser 
beams comprised of the compressed rows of parallel laser beams further aligned linearly is 
emitted from the beam compressor and enters the second beam converter, the compressed rows 
of parallel laser beams are twisted 90° and as a result become an arrangement wherein all of the 
laser beam elements are aligned in parallel in a single row. The above optical elements can he 
formed based on the various principles used for the first beam converter. 
[0 4 23] Th e abov e optical e l e m e nts can b e form e d bas e d on th e various principl e s used for the 
first b e am conv e rt e r. 

[00216] {©424f-First, there are ones based on twisting by three reflection actions. As shown in 
FIG. 69, if arranging in a one-dimensional array prism elements which receive vertically oriented 
flat laser beams arranged in parallel horizontally and emit horizontally oriented flat laser beams 
twisted 90° by three reflection actions and arranged in parallel vertically, the group of laser 
beams comprised of the compressed rows of parallel laser beams further aligned linearly is 
received and is emitted converted to an arrangement where all laser beam elements are aligned in 
parallel in a single row. Such a one-dimensional array can he formed monolithicallv from a 
single glass substrate as shown in FIG. 70, 

[0 4 25] Such a on e dimensional array can b e form e d monolithically from a singl e glass 
substrat e as shown in FIG. 70. 
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[0 4 26] Th e thr ee r e fl e ction actions do not n e c e ssarily hav e to b e at right angl e s as in a right 
angle prism. In th e final analysis, it is suffici e nt that th e group of las e r b e ams comprised of th e 
compr e ss e d rows of parall e l las e r b e ams and align e d linearly b e r e ceived and converted to an 
arrangem e nt wh e r e all las e r beam e l e m e nts are align e d in parallel in a singl e row in th e sam e way 
as the first b e am conv e rter. 

[0 4 27] Furth e r, th e optical e l e m e nts using r e fl e cting fac e s may also b e not prisms, but suitably 
arranged r e fl e ction mirrors. 

[00217] fQ42&| -The three reflection actions do not necessarily have to he at right angles as 
in a right angle prism. In the final analysis, it is sufficient that the group of laser beams 
comprised of the compressed rows of parallel laser beams and aligned linearly be received 
and converted to an arrangement where all laser beam elements are aligned in parallel in a 
single row in the same wav as the first beam converter. Further, the optical e lements using 
reflecting faces mav also be not prisms, but suitably arranged reflection mirrors. As shown 
in FIG. 71, by arranging in a one-dimensional array the mirror elements from which horizontally 
oriented flat laser beams twisted 90° by three reflection actions are emitted aligned vertically, a 
group of laser beams comprised of compressed rows of parallel laser beams further aligned 
linearly is received and is emitted converted to an arrangement where all laser beam elements are 
aligned in parallel in a single row. 

[002181 [0 4 29] FIG. 72 is a view of a second beam converter comprised of cylindrical lenses 
arranged in parallel. This beam converter is comprised of parallel arrangements of cylindrical 
lenses, inclined in axes by 45°, arranged facing each other across a space having a suitable 
distance. 



SUBSTITUTE SPECIFICATION 

NY02: W473,1 -491591.1 



-104- 



A36197 074224.0133 
PATENT 

[002191 {0430J-The compressed row of parallel beams striking the incidence faces horizontally 
receive refractive forces differing according to the incident positions at the 45° inclined 
cylindrical lenses, whereby a row of beams is rotated in cross-section. The row of beams is 
rotated a total of about 90° in cross-section by the cylindrical lenses inclined 45° from the 
emission faces and emitted from the emission faces. Bv using the second beam converter, the 
compressed row of parallel laser beams from the beam compressor and further the linearly 
arranged group of laser beams is substantially converted to an arrangement where all laser 
beams are aligned in parallel in one row in a ladder rung configuration. At such time, 
there is no need for the distance between all ladder rungs to he identical. 
[0 4 31] By using th e s e cond b e am conv e rt e r, th e compr e ss e d row of parall e l las e r b e ams from 
th e b e am compr e ssor and furth e r th e lin e arly arrang e d group of las e r b e ams is substantially 
conv e rt e d to an arrang e m e nt wh e r e all las e r b e ams ar e align e d in parall e l in on e row in a ladd e r 
rung configuration. At this tim e , th e r e is no n ee d for th e distanc e b e twe e n all ladd e r rungs to b e 
id e ntical. 

[0 4 32] FIG. 73 shows a b e am conv e rt e r compris e d of a plurality of join e d optical glass optical 
e l e m e nts with incid e nc e fac e s and e mission fac e s having cylindrical surfac e s, with parall e l side 
fac e s parall e l, and with dens e insides. Th e optical e lements ar e inclin e d 4 5° with r e sp e ct to th e 
horizontal plan e . 

[0 4 33] Th e compr e ss e d row of las e r b e ams striking th e incidenc e faces horizontally r e c e iv e s 
differ e nt r e fractiv e forc e s occurring at th e cylindrical surfaces of th e 45° inclined incid e nc e fac e s, 
whereby a row of b e ams is rotat e d in cross section. Th e row of b e ams is rotat e d about 90° in 
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cross - s e ction at the 4 5° inclin e d cylindrical surfac e s of th e e mission fac e s and e mitt e d from th e 
e mission fac e s. 

[00220] {Q434J-FIG. 73 shows a beam converter comprised of a plurality of joined optical 
glass optical elements with incidence faces and emission faces having cylindrical surfaces, 
with parallel side faces parallel, and with dense insides. The optical elements are inclined 
45° with respect to the horizontal plane. The compressed row of laser beams striking the 
incidence faces horizontally receives different refractive forces occurring at the cylindrical 
surfaces of the 45° inclined incidence faces, whereby a row of beams i s rotated in cross- 
section. The row of beams is rotated about 90° in cross-section at the 45° inclined 
cylindrical surfaces of the emission faces and emitted from the emission faces. By using the 
second beam converter, the compressed row of parallel laser beams from the beam compressor 
and further the linearly arranged group of laser beams are substantially converted to an array in 
which all laser beams are aligned in parallel in a single row in a ladder rung configuration. At 
this time, there is no need for all of the distances between ladder rungs to be the same. When 
aligning the distances between the compressed row of parallel laser beams and the adjoining 
rows of beams, the side faces do not have to be parallel faces. It is also possible to utilize a 
cylindrical lens with a circular cross-section. 

[00221] {©4£5}-FIG. 74 shows a second beam converter fabricated from a block of optical glass. 
This beam converter is comprised of an optical glass prism with a rectangular cross-section and 
formed with a plurality of cylindrical surfaces inclined 45° in the same direction at the incidence 
face and emission face and has the same function as the second beam converter of FIG. 13. 
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[00222] {©436}-FIG. 75 shows a second beam converter utilizing dub prisms. A compressed 
row of parallel laser beams striking an incidence face horizontally is refracted at the incidence 
face of a 45° inclined dub prism. The differences in incidence positions gives different reflection 
positions at the bottom surface, so at the emission face, the row of beams is refracted and emitted 
from the emission face rotated substantially 90° in cross-section. When joining adjoining duh 
prisms, if necessary, the bottom surfaces of the dub prisms may he given a reflective 
coating in advance. 

[0 4 37] Wh e n joining adjoining dub prisms, if n e cessary, th e bottom surfac e s of th e dub 
prisms may bo given a r e fl e ctiv e coating in advance. 

[0 4 38] FIG. 76 shows a s e cond b e am conv e rt e r utilizing binary optical e lements. This b e am 
conv e rter is form e d with a plurality of st e pp e d surfac e s with c e nt e r ax e s inclin e d 4 5° in th e sam e 
dir e ction at th e incid e nc e fac e s and emission fac e s. 

[00223] {043^4-FIG. 76 shows a second beam converter utilizing binary optical elements. 
This beam converter is formed with a plurality of stepped surfaces with center axes 
inclined 45° in the same direction at the incidence faces and emission faces. The compressed 
row of parallel laser beams striking the incidence face horizontally receive different diffractive 
forces occurring at the stepped surface of the 45° inclined incidence face, whereby the row of 
beams is rotated. The row of beams is rotated 90° in cross-section at the 45° inclined stepped 
surface of the emission face and emitted from the emission face. 

[002241 [0 44 0] FIG. 77 shows a second beam converter utilizing one-dimensional profile 
refractive index lenses. This beam converter comprises a plurality of one-dimensional profile 
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refractive index lenses, comprised of optical glass members with the highest refractive indexes at 
the center faces and with refractive indexes becoming lower the closer to the side faces, joined 
inclined by 45°. A row of parallel laser beams horizontally striking an incidence face 
receives different refractive forces depending on the incident positions in a 45° inclined 
one-dimensional profile refractive index lens- wherehv the row of beams is rotated. The 
row of beams is emitted from the emission face rotated 90° in cross-section. 
{04444 A row of parallel las e r b e ams horizontally striking an incid e nc e fac e rec e iv e s differ e nt 
r e fractiv e forc e s d e pending on th e incid e nt positions in a 4 5° inclin e d on e dim e nsional profil e 
r e fractiv e ind e x lens, wh e reby th e row of b e ams is rotated. Th e row of beams is e mitt e d from th e 
e mission fac e rotat e d 90° in cross s e ction. 

{0442} FIG. 78 shows a s e cond b e am conv e rt e r utilizing facingly arrang e d profile r e fractiv e 
ind e x l e ns e l e m e nts. This b e am conv e rter compris e s a plurality of substantially s e micylindrical 
profil e r e fractiv e ind e x l e ns el e m e nt forming pairs in th e sam e dir e ction and arranged facing e ach 
oth e r at th e two faces of th e optical glass plate. 

[002251 {Q4431-FIG. 78 shows a second beam converter utilizing facinglv arranged profile 
refractive index lens elements. This beam converter comprises a plurality of substantially 
semicylindrical profile refractive index lens element forming pairs in the same direction 
and arranged facing each other at the two faces of the optical glass plate. The center axes of 
the semicylinders are inclined 45° with respect to a horizontal plane. The center of the semicircle 
is highest in refractive index, while the refractive index becomes lower the further to the 
outsides. The compressed row of parallel laser beams striking the incidence face horizontally 
receives different refractive forces depending on the incidence positions from the 45° inclined 
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one-dimensional profile refractive index lens elements, whereby the row of beams is rotated. 
The row of beams is emitted from the emission face rotated 90° in cross-section. 
1002261 [0 444 ] As e xplain e d abov e , the present inv e ntion can use a b e am convert e r compris e d 
of a cylindrical l e ns array, but wh e n las e r b e ams having divergenc e angles ent e r this conv e rt e r, as 
shown in FIG. 79, compon e nts proj e cting out to th e adjoining elem e nts at th e b e am e xit sid e (in 
th e figur e , th e e scap e compon e nts) occur and ghosts sometimes ar e produc e d. As a r e sult, th e 
thruput of th e las e r b e ams falls. 

{Q4451-As described above, the exemplary embodiments of the present invention can use a 
beam converter comprised of a cylindrical lens array, hut when laser beams having 
divergence angles enter this converter, as shown in FIG. 79. components projecting out to 
the adjoining elements at the beam exit side (in the figure T the escape components^ occur 
and ghosts sometimes are produced. As a result, the thruput of the laser beams falls. To 
eliminate the ghosts arising due to the divergence angles of the incident beams, it is necessary to 
give the converter the function of adjusting the divergence angles. Therefore, the inventors, as 
shown in FIG. 80, divides into two the beam converter comprised of the cylindrical lens array 
and makes the radii of curvature of the cylindrical lenses at the beam emission side smaller than 
the radii of curvature of the cylindrical lenses of the beam incidence side. Therefore, it is 
possible to reduce the beam size at the beam emission side, eliminate the components where 
the laser beams protrude from the adjoining elements at the emission side (escape 
components), and suppress the occurrence of ghosts. 
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[0 44 6] Due to this, it is possible to r e duc e th e b e am siz e at tho boam omission sid e , e liminate 
th e components wh e r e the las e r b e ams protrud e from th e adjoining elements at th e e mission sido 
( e scape components), and suppr e ss th e occurr e nc e of ghosts. 

[0 44 7] FIG. 80 shows th e beam incid e nc e side conv e rt e r and tho b e am exit sid e conv e rt e r s e t 
apart and mad e variabl e in distanc e , but th e two conv e rt e rs may also b e join e d to form an int e gral 
structur e . 

[0 44 8] Note that FIG. 80 shows th e cas e wh e r e th e thickn e ss r of th e cylindrical l e ns is 0.35 4 
mm, the radius of curvatur e rl of th e incid e nc e sid e cylindrical lens is 0.375 mm, and the radius 
of curvatur e 4 2 of th e e xit sid e cylindrical lens is 0.3 mm. 

[0 44 9] It should b e not e d that, if r2/rl<l, th e las e r b e ams will not bo fully rotated 90°, but this 
can b e solv e d by arranging th e cylindrical lens e s at a slant. 

[00227] [0450] At tho prosontFIG. 80 shows the beam incidence side converter and the 
beam exit side converter set apart and made variable in distance, but the two converters 
may also be joined to form an integral structure. This figure shows the case where the 
thickness r of the cylindrical lens is 0,354 mm, the radius of curvature r1 of the incidence 
side cylindrical lens is 0,375 mm. and the radius of curvature 42 of the exit side cylindrical 
lens is 0.3 mm. Tf r2/rKl, the laser beams will not he fullv rotated 90°, hut this can be 
solved bv arrang in g the cylindrical lenses at a slant. At that time, the output of commercially 
available laser diode stack arrays is about 50W per stack. Further, the number of stack layers 
ends up being limited to about 20 or so due to the mounting precision, so the output of one array 



SUBSTITUTE SPECIFICATION 

NY02:4 9H73.1 -491591.1 



-110- 



A36197 074224.0133 
PATENT 



is about 1 kW at the maximum. However, if considering application to metal processing, a larger 
output is n e cessary. 

[0 4 51] Th e r e for e , in th e pr e s e nt inv e ntion, at l e ast two las e r diode stack arrays may be 
coupl e d to incr e as e th e output. 

[0 4 52] That is. inmav be needed- Therefore, accor din g to an exemplary embodiment of 
the present invention, at least two laser diode stack arrays mav he coupled to increase the 
output. That is. according to an exemplary embodiment of the present invention, at least two 
groups of laser beams emitted from at least two laser diode stack arrays and emitted from first 
condensers arranged in front of the arrays are coupled by an optical device arranged in front of 
the first condensers. 

[002281 [0 4 53] FIG. 81 shows the case of coupling using a polarization element as the optical 
device. The laser beam emitted from one laser diode stack array (LD2) is passed through a 7J2 
plate and then coupled with a laser beam emitted from another laser diode stack array (LD1) 
through the polarization element (polarization prism). FIG. 82 shows the state of coupling 
using a mirror formed with through windows at the same pitch as the stack pitch of the 
laser diode stack array. Further, FIG, 83 shows the state of coupling using small mirrors 
arranged at the same pitch as the stack pitch of the laser diode stack array. Further, 
FIG, 84 shows the state of coupling using right angle prisms arranged at the same pitch as 

[0 4 5 4 ] FIG. 82 s hows th e stat e of coupling using a mirror form e d with through windows at 
th e sam e pitch as th e stack pitch of th e laser diode stack array. 
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[0 4 55] Further, FIG. 83 shows th e stat e of coupling using small mirrors arrang e d at th e sam e 
pitch as th e stack pitch of the las e r diod e stack array. 

[0 4 56] Furth e r, FIG. 8 4 shows th e stat e of coupling using right angl e prisms arrang e d at th e 
same pitch as th e stack pitch of th e laser diod e stack array. 

[0 4 57] Furth e r, in the pr e s e nt inv e ntion, as shown in FIG. 85, at l e ast two las e r diod e stack 
arrays ar e provid e d, and an optical d e vice for wavel e ngth coupling the at l e ast two groups of 
laser beams e ntering th e third cond e ns e r is provid e d in back of th e third cond e ns e r so as to 
coupl e th e groups of las e r b e ams. 

[0 4 5 8 ] In this cas e , it is pr e ferable to us e a dichroic mirror as the optical devic e . 
[00 22 91 10 4 591 Further. inFurther. according to an exemplary embodiment of the present 
invention, as shown in FIG. 85, at least two laser diode stack arrays are provided, and an 
optical device for wavelength coupling the at least two groups of laser beams entering the 
third condenser is provided in back of the third condenser so as to couple the groups of 
laser beams. In this case, it may be preferable to use a dichroic mirror as the optical 
device. Further, according to an exemplary embodiment of the present invention, a plurality 
of laser diode stack arrays provided with first condensers in front of them are provided, an optical 
device for coupling at least two groups of laser beams emitted from the condensers is provided in 
front of the first condensers, and an optical device for wavelength coupling at least two groups of 
laser beams striking the condensers is provided in back of the third condenser to couple the 
plurality of groups of laser beams In this manner, it is possible to couple a plurality of laser 
beams to obtain a large output laser beam. 
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{0460} In this way, it is possibl e to coupl e a plurality of las e r b e ams to obtain a largo output 
las e r beam. 

[00230] [0 4 61] FIG. 43 is a schematic plan view explaining a semiconductor laser pumped 
solid-state laser device according to an exemplary embodiment of the present invention, while 
FIG. 44 is an elevation view of the same. The semiconductor laser pumped solid-state laser 
device uses the semiconductor laser device of the present invention as a pumping light source of 
the solid-state laser 95. A conventional semiconductor laser device utilizing a laser diode 
stack array is limited in the horizontal leng th region even if concentrating the energy. The 
suhstantive energy de nsity does not hecom e large. Fu rther, if trying to effectively utilize 
this energy, only side face pumping of the solid-state laser is possible, 
[0 4 62] A conv e ntional s e miconductor las e r d e vic e utilizing a las e r diod e stack array is limit e d 
in th e horizontal length region e v e n if concentrating th e e n e rgy. Th e substantive e nergy density 
do e s not b e com e larg e . — Further, if trying to eff e ctively utilize this en e rgy, only sid e fac e 
pumping of th e solid stat e las e r is possibl e . 

[00231] [0 4 63] The semiconductor laser pumped solid-state laser device according to an 
exemplary embodiment of the present invention concentrates broken line configuration 
emission stripes of the laser diode stack array 10 in a direction perpendicular to the stripes by a 
first cylindrical lens array having a short focal length fl, then converts them to a plurality of rows 
of ladder rung configuration laser beams using a first beam converter 30 and also changes the 
direction of the beams so as to give a group of beams emitted simultaneously from the same 
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object. Further, the condensing lens 70 mal 




light recei ving face of tl 




nt 96. 



[0 4 6 4 ] Further, th e condensing lens 70 makes th e energy conv e rg e at a small r e gion on th e 
light r e ceiving fac e of th e solid stat e las e r e l e m e nt 96. 

[002321 {©465]-The semiconductor laser device according to an exemplary embodiment of 
the present invention, as explained above, can concentrate energy to a predetermined narrow 
range. Therefore, the semiconductor laser pumped solid-state laser device of the present 
invention utilizing the semiconductor laser device of the present invention can effectively use the 
output of the laser diode stack array 10 and enables end face pumping of the solid-state laser 95. 
As the solid-state laser element, a YAG, YUF, yttria, or other ordinary solid-state laser 
element and also a solid-state laser element including a O-switch or wavelength conversion 
element may also he utilized. 

{©466} As th e solid stat e las e r e l e m e nt, a YAG, YLF, yttria, or oth e r ordinary solid stat e las e r 
e l e ment and also a solid stat e laser e l e ment including a Q switch or wav e l e ngth conv e rsion 
e l e m e nt may also b e utiliz e d. 

[00233] [0 4 67] Further, the pumping light source may be introduced to the solid-state laser 
element by the Brewster's angle. The solid-state laser element may also be a short absorption 
length laser crystal (YVO4). The semiconductor laser pumped solid-state laser device of the 
present invention can give a 100W YAG laser output using a 300W semiconductor laser element. 
[002341 {0468J-FIG. 45 is a plan view of a laser device according to the present invention using 
an optical fiber 90, while FIG. 46 is an elevation view. The light receiving face of the optical 
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fiber 90 is arranged at the position of the laser spot formed by the above laser device to receive 
the laser energy emitted from the laser 10 and transmit it to the other end face side of the optical 
fiber 90. 

[0 4 69] Du e to the length and fl e xibility of th e optical fib e r 90, it is possibl e to obtain an e asy 
to use las e r d e vice e nabling work whil e bringing th e e mission part to the targ e t location. 
[0 4 70] Not e that a las e r devic e configur e d using as a light source a las e r diod e stack array 10 
having a 800W output and forming a las e r spot small e r than th e cross section of th e cor e at th e 
incidenc e fac e of an optical fib e r 90 having a cor e diam e t e r of 4 00 Due to the length and 
flexibility of the optical fiber 90. it is possible to obtai n an easy-to -use laser device enabling 
work while bringing the emission part to the target location. A laser device configured 
using as a light source a laser diode stack array 10 having a 800W output and forming a 
laser spot smaller than the cross-section of the core at the incidence face of an optical fiber 
90 having a core diameter of 400 \i m achi e v e s an e ffici e ncy of 60%. m achieves an efficiency 
of 60%. 

[002351 [0 4 71] FIG. 47 is a schematic plan view explaining an optical fiber guided 
semiconductor laser pumped solid-state laser device of the present invention, while FIG. 48 is an 
elevation view of the same. The optical fiber guided semiconductor laser pumped solid-state 
laser device guides the output of the semiconductor laser device of the present invention by an 
optical fiber 90 to form a pumping light source of the solid-state laser 95. 
[002.161 [0 4 72] The output part of the optical fiber is provided with an optical system 92 for 
collimating and reconverging the energy of the laser beam diffused from the end. 
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[0 4 73] In this way, there is a flexible optical fiber between the semiconductor laser device 
part and the solid-state laser device part, so there are the advantages that the degree of freedom of 
the device is remarkably increased and configuration becomes easy. The optical fiber guided 
semiconductor laser pumped solid-state laser device according to an exemplary 
embodiment of the present invention can give an SOW YAG laser output using a 400W 
semiconductor laser element. 

[0 4 7 4 ] Th e optical fiber guid e d s e miconductor las e r pump e d solid state las e r devic e of th e 
pr e s e nt inv e ntion can giv e an 80W YAG las e r output using a 4 00W s e miconductor las e r e l e m e nt. 
[0 4 75] FIG. 4 9 is a sch e matic plan vi e w explaining a s e miconductor las e r pumped fib e r las e r 
d e vic e of th e pr e s e nt inv e ntion, whil e FIG. 50 is an e l e vation view of th e sam e . 
[00237] ffl476f-FIG. 49 is a schematic plan view explaining a semiconductor laser pumped 
fiber laser device of the present invention, while FIG, 50 is an elevation view of the same. 
The semiconductor laser pumped fiber laser device inputs the output of the semiconductor laser 
device of the present invention to the inner cladding of the double clad fiber 91 to excite the core. 
The diameter of the inner cladding is 600 jam x 240 jam. The core diameter is 40 jxm. When the 
output of the laser diode stack array is 1 kW, a fiber laser output of 500W is obtained. This 
output beam is a completely single peak type. 
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CLAIMS 

A s e miconductor las e r d e vice provid e d with: 

4t a laser diod e stack array provid e d with a plurality of e mitt e rs, ext e nding long in a 
first dir e ction of e mission of laser b e ams, to b e arrang e d lin e arly in said first dir e ction and 
arrang e d in a plurality of rows and emitting a group of laser b e ams having laser beam e l e m e nts 
arrang e d in a two dim e nsional array; 

2r a first cond e ns e r (20) provid e d in front of said laser diod e stack array and b e nding 
and collimating said group of las e r b e ams for ev e ry row in a s e cond dir e ction substantially at 
right angl e s to said first direction; 

^7 a first b e am conv e rt e r (30) provid e d in front of said first cond e ns e r (20), r e c e iving 
said group of las e r b e ams collimat e d in th e s e cond dir e ction, and e mitting it conv e rt e d to a 
substantially ladd e r rung configuration group of las e r b e ams e xt e nding in said first direction for 
e v e ry row; 

4r a s e cond cond e ns e r (80) provid e d in front of said first b e am conv e rt e r (30), 
b e nding and collimating said group of las e r b e ams output from said first b e am conv e rt e r (30) in a 
s e cond dir e ction substantially at right angles to said first dir e ction for e very row, and using e ach 
with c e nt e r ax e s offs e t by e xactly pr e d e t e rmin e d amounts to conv e rt th e m to b e ams e mitt e d from 
approximat e ly th e sam e obj e ct by g e n e rating an angular chang e of th e optical ax e s; 

&z a first b e am compr e ssor ( 4 0) r e c e iving said group of las e r b e ams output from said 
second cond e ns e r (80) and e mitting it conv e rt e d to a compr e ss e d substantially ladd e r rung 



;iFICATION 



NY02:4 91 4 73.1 



-491591.1 



-117- 



A36197 074224.0133 
PATENT 



configuration group of las e r b e ams with short e n e d ladd e r rung int e rvals and e xt e nding in said 
first direction of th e plurality of rows; and 

6r a third cond e n se r (70) for cond e nsing said group of las e r b e ams output from said 
first b e am compr e ssor ( 4 0). 
A s e miconductor las e r d e vic e provided with : 

7r on e of a las e r diod e stack array provid e d with a plurality of e mitters, e xtending 
long in a first dir e ction of emission of laser b e ams, to b e arrang e d linearly in said first direction 
and arranged in a plurality of rows and omitting a group of laser b e ams having las e r b e am 
e lements arrang e d in a two dim e nsional array and a laser diod e stack array provid e d with a 
plurality of e mitters, e xt e nding long in a first dir e ction of e mission of las e r b e ams, to b e arrang e d 
lin e arly d e ns e ly in said first dir e ction and arranged in a plurality of rows and e mitting a group of 
las e r b e ams compris e d of las e r b e ams substantially continuing lin e arly arrang e d in a plurality of 
rows; 

&r a first cond e ns e r (20) provid e d in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r b e ams for e v e ry row in a s e cond direction substantially at 
right angles to said first dir e ction; 

9t a first b e am conv e rt e r (30) provid e d in front of said first cond e nser, dividing th e 
group of las e r b e ams in e ach row, providing in e ach row in parall e l optical el e m e nts for b e nding 
th e ax e s of th e cross s e ctions of the las e r beam units to substantially right angl e s using as units 
the divid e d pluralities of las e r b e ams, r e c e iving said group of las e r beams collimat e d in th e 
second dir e ction, rotating th e ax e s of th e cross s e ctions of the las e r beam units for e ach optical 
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e lement, and e mitting th e b e ams as a substantially ladd e r rung configuration group of las e r 
b e ams e xt e nding in said first dir e ction using said divid e d pluralities of laser beams as units; 

±Qr a s e cond cond e ns e r (80) provided in front of said first b e am conv e rt e r, bending 
and collimating s aid group of las e r b e ams output from said first b e am conv e rt e r (30) in a s e cond 
dir e ction substantially at right angl e s to said first dir e ction for ev e ry row, and using e ach with 
c e nt e r axes offset by e xactly pr e d e t e rmin e d amounts to conv e rt th e m to b e ams emitt e d from 
approximat e ly th e sam e obj e ct by g e n e rating an angular chang e of the optical ax e s; 

44r a first b e am compr e ssor ( 4 0) receiving said group of las e r b e ams output from said 
second condens e r (80) and e mitting it conv e rted to a substantially ladd e r rung configuration 
group of las e r b e ams with short e n e d ladd e r rung int e rvals and e xtending in said first dir e ction of 
th e plurality of rows; and 

VZt a third cond e ns e r (70) for cond e nsing said group of las e r b e ams output from said 
first b e am compr e ssor ( 4 0). 
A semiconductor laser dovico provided with : 

+5r a laser diod e stack array provid e d with a plurality of e mitt e rs, e xtending long in a 
first dir e ction of emission of las e r b e ams, to be arrang e d linearly in said first dir e ction and 
arranged in a plurality of rows and e mitting a group of las e r b e ams having las e r b e am e l e m e nts 
arrang e d in a two - dimensional array; 

±4r a first condens e r (20) provid e d in front of said las e r diod e stack array and bending 
and collimating said group of las e r beams for e very row in a s e cond dir e ction substantially at 
right angl e s to said first dir e ction; 
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44r a first b e am conv e rt e r (30) provid e d in front of said first cond e ns e r (20), rec e iving 
said group of laser beams collimat e d in th e s e cond dir e ction, and emitting it conv e rt e d to a 
substantially ladd e r rung configuration group of las e r b e ams e xt e nding in said first dir e ction for 
overy row; 

46r a s e cond cond e ns e r (80) provid e d in front of said first b e am conv e rt e r (30) and 
b e nding and collimating said group of las e r b e ams output from said first b e am conv e rter (30) in a 
second dir e ction substantially at right angl e s to said first dir e ction for ev e ry row; 

4-7r a first b e am compr e ssor ( 4 0) r e c e iving said group of las e r b e ams output from said 
second cond e ns e r (80) and e mitting it convert e d to a compress e d substantially ladd e r rung 
configuration group of las e r b e ams with short e ned ladder rung int e rvals and e xt e nding in said 
first dir e ction of th e plurality of rows; 

4&r an angl e chang e r provid e d in front of on e of said s e cond condens e r (80) and said 
first b e am compr e ssor ( 4 0), r e c e iving said substantially ladder rung configuration group of las e r 
b e ams e xtending in said first dir e ction of th e plurality of rows, and changing th e c e nt e r optical 
ax e s of th e group of b e ams to said s e cond dir e ction for e ach row to obtain a group of b e ams 
emitted from substantially th e same object; and 

W: a third cond e ns e r (70) for cond e nsing said group of las e r beams chang e d in c e nt e r 
optical ax e s. 

A semiconductor las e r d e vic e provid e d with : 

30r on e of a las e r diod e stack array provid e d with a plurality of e mitters, e xtending 
long in a first dir e ction of e mission of las e r b e ams, to be arranged lin e arly in said first dir e ction 
and arranged in a plurality of rows and e mitting a group of laser beams having laser b e am 
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elements arrang e d in a two dimensional array and a las e r diod e stack array provid e d with a 
plurality of e mitters, e xt e nding long in a first dir e ction of e mission of laser b e ams, to be arrang e d 
linearly d e ns e ly in said first dir e ction and arrang e d in a plurality of rows and e mitting a group of 
las e r b e ams compris e d of las e r b e am s substantially continuing lin e arly arrang e d in a plurality of 
rows; 

2-1-7 a first cond e n se r (20) provided in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r b e ams for every row in a s e cond dir e ction substantially at 
right angl e s to said first direction; 

22r a first b e am convert e r (30) provid e d in front of said first cond e ns e r (20), dividing 
th e group of las e r b e ams in e ach row, providing in e ach row in parallel optical elements for 
b e nding th e ax e s of th e cross sections of the las e r beam units to substantially right angl e s using 
as units th e divid e d pluraliti e s of laser b e ams, r e c e iving said group of laser b e ams collimat e d in 
th e s e cond dir e ction, rotating th e ax e s of th e cross s e ctions of th e las e r beam units for e ach 
optical e l e m e nt, and e mitting the b e ams as a substantially ladd e r rung configuration group of 
las e r b e ams e xt e nding in said fir s t dir e ction using said divid e d pluraliti e s of las e r b e ams as unit s ; 

a s e cond cond e ns e r (80) provid e d in front of said first beam conv e rter (30), 
b e nding and collimating said group of laser beams output from said first b e am conv e rt e r (30) in a 
second dir e ction substantially at right angl e s to said first dir e ction for e v e ry row; 

24r a first b e am compr e ssor ( 4 0) r e c e iving said group of laser b e ams output from said 
second cond e nser (80) and e mitting it conv e rt e d to a substantially ladder rung configuration 
group of laser b e ams with short e n e d ladd e r rung int e rvals and ext e nding in said first dir e ction of 
tho plurality of rows; 
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2$r an angl e changer provid e d in front of on e of said s e cond condenser (80) and said 
first b e am compr e ssor ( 4 0), rec e iving said substantially ladder rung configuration group of las e r - 
b e ams e xt e nding in said first dir e ction of th e plurality of rows, and changing th e cent e r optical 
axes of th e group of b e ams to said s e cond dir e ction for e ach row to obtain a group of b e ams 
e mitt e d from substantially th e sam e obj e ct; and 

26r a third cond e ns e r (70) for cond e nsing said group of laser b e ams. 

27t A semiconductor las e r d e vic e as s e t forth in claim 3 or 4 , wh e r e in on e of said 
s e cond cond e ns e r (80) and said first beam conv e rter ( 4 0) and said angl e changer ar e form e d 
integrally. 

A s e miconductor laser devic e provid e d with : 

2&t a las e r diod e stack array provid e d with a plurality of e mitters, e xt e nding long in a 
first dir e ction of e mission of las e r b e ams, to b e arrang e d lin e arly in said first dir e ction and 
arrang e d in a plurality of rows and e mitting a group of las e r b e ams having las e r beam e lem e nts 
arrang e d in a two - dim e nsional array; 

29r a first cond e ns e r (20) provided in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r b e ams for e v e ry row in a s e cond dir e ction substantially at 
right angl e s to said first dir e ction; 

3£r a first b e am convert e r (30) provid e d in front of said first cond e ns e r (20), rec e iving 
said group of las e r b e ams collimat e d in th e s e cond dir e ction, and e mitting it conv e rt e d to a 
substantially ladd e r rung configuration group of las e r b e ams ext e nding in said first direction for 
e v e ry row; 
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Mr a s e cond cond e nser (80) provid e d in front of said first beam conv e rt e r (30) and 
b e nding and collimating said group of las e r beams output from said first beam conv e rt e r (30) in a 
s e cond dir e ction substantially at right angl e s to said first dir e ction for every row; and 

33t a third cond e nser (70) for rec e iving said group of las e r b e ams output from th e 
s e cond cond e ns e r (80), forming images, and r e duc e th e distance b e tw ee n rows. 
A semicond uctor laser device provided with : 

on e of a laser diod e stack array provid e d with a plurality of e mitters, e xtending 
long in a first direction of e mission of las e r b e ams, to b e arrang e d lin e arly in said first dir e ction 
and arrang e d in a plurality of row^s and e mitting a group of las e r b e ams having las e r b e am 
e l e m e nts arrang e d in a two dim e nsional array and a las e r diod e stack array provid e d with a 
plurality of e mitt e rs, e xt e nding long in a first dir e ction of e mission of las e r beams, to b e arrang e d 
lin e arly d e ns e ly in said first dir e ction and arranged in a plurality of rows and e mitting a group of 
las e r b e ams compris e d of las e r b e ams substantially continuing lin e arly arrang e d in a plurality of 
rows; 

34r a first cond e nser (20) provid e d in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r b e ams for e v e ry row in a s e cond dir e ction substantially at 
right angles to said first dir e ction; 

3#r a first b e am conv e rter (30) provided in front of said first cond e ns e r (20), dividing 
th e group of las e r beams in each row, providing in e ach row in parall e l optical e lem e nts for 
bending th e ax e s of th e cross s e ctions of th e las e r b e am units to substantially right angl e s using 
as units th e divid e d pluralities of las e r b e ams, r e c e iving said group of laser b e ams collimat e d in 
the s e cond direction, rotating th e ax e s of th e cross sections of the las e r b e am units for e ach 



SUBSTITUTE SPECIFICATION 

NY02: 491 4 73.1 -491591.1 



-123- 



A36197 074224.0133 
PATENT 



optical el e m e nt, and e mitting th e b e ams as a substantially ladd e r rung configuration group of 
laser b e ams e xt e nding in said first dir e ction using said divid e d pluralities of las e r b e ams as units; 

36r a s e cond cond e ns e r (80) provid e d in front of said first b e am convert e r (30) and 
b e nding and collimating said group of las e r b e ams output from said first beam conv e rter (30) in a 
s e cond dir e ction substantially at right angles to said first direction for ev e ry row; and 

37r a third cond e ns e r (70) for r e c e iving said group of las e r beams, forming images, 
and r e ducing th e distanc e b e tw e en rows. 
A semiconductor laser devic e provided with : 

3&r a las e r diod e stack array provid e d with a plurality of e mitt e rs, e xt e nding long in a 
first direction of e mission of las e r b e ams, to b e arrang e d lin e arly in said first dir e ction and 
arrang e d in a plurality of rows and e mitting a group of las e r b e ams having las e r b e am e lem e nts 
arrang e d in a two dimensional array; 

39r a first cond e nser (20) provid e d in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r b e ams for e v e ry row in a s e cond dir e ction substantially at 
right angles to said first direction; 

407 a first beam converter (30) provided in front of said first cond e ns e r (20), r e c e iving 
said group of las e r beams collimated in th e se cond direction, and e mitting it convert e d to a 
substantially ladd e r rung configuration group of las e r b e ams e xtending in said first direction for 
e v e ry row; 

44t a s e cond condens e r (80) provided in front of said first b e am converter (30) and 
b e nding and collimating said group of las e r b e ams output from said first b e am conv e rt e r (30) in a 
s e cond dir e ction substantially at right angl e s to said first dir e ction for e v e ry row; 
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42r a fourth cond e ns e r (71) provid e d in front of said s e cond cond e ns e r (80), r e ceiving 
said substantially ladd e r rung configuration group of las e r beams e xt e nding in said first dir e ction 
of th e plurality of rows, forming imag e s, and r e ducing th e distanc e b e tw ee n rows; and 

4^t a third cond e ns e r (70) for furth e r r e ducing and reforming th e imag e from th e 
fourth cond e nser (71). 

A s e miconductor laser d e vic e provid e d with : 

44r one of a las e r diod e stack array provid e d with a plurality of e mitters, extending 
long in a first dir e ction of e mission of laser b e ams, to b e arrang e d lin e arly in said first direction 
and arrang e d in a plurality of rows and e mitting a group of las e r b e ams having laser b e am 
e l e m e nts arrang e d in a two dim e nsional array and a las e r diod e stack array provid e d with a 
plurality of e mitt e rs, ext e nding long in a first dir e ction of e mission of las e r b e ams, to b e arrang e d 
lin e arly d e ns e ly in said first dir e ction and arrang e d in a plurality of rows and e mitting a group of 
las e r b e ams compris e d of laser b e ams substantially continuing lin e arly arrang e d in a plurality of 
rows; 

4&t a first cond e ns e r (20) provided in front of said las e r diod e stack array and bending 
and collimating said group of las e r b e ams for e v e ry row in a second dir e ction substantially at 
right angl e s to said first dir e ction; 

46r a first b e am conv e rt e r (30) provid e d in front of said first cond e nser (20), dividing 
the group of las e r b e ams in e ach row, providing in e ach row in parall e l optical elements for 
b e nding the ax e s of th e cross s e ctions of th e las e r b e am units to substantially right angles using 
as units the divid e d pluraliti e s of las e r b e ams, r e c e iving said group of las e r b e ams collimat e d in 
th e s e cond dir e ction, rotating th e ax e s of the cross s e ctions of th e laser b e am units for e ach 
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optical e l e m e nt, and e mitting th e b e ams as a substantially ladd e r rung configuration group of 
las e r beams e xt e nding in said first dir e ction using said divided pluraliti e s of las e r b e ams as units; 

47r a s e cond cond e ns e r (80) provid e d in front of said first b e am conv e rt e r (30) and 
bending and collimating said group of las e r b e ams output from said first b e am conv e rt e r (30) in a 
s e cond dir e ction substantially at right angl e s to said first dir e ction for ev e ry row; 

4&r a fourth cond e nser (71) provid e d in front of said s e cond cond e ns e r (80), r e c e iving 
said substantially ladd e r rung configuration group of las e r b e ams extending in said first direction 
of th e plurality of rows, forming imag e s, and r e ducing th e distanc e betw e en rows; and 

49r a third cond e ns e r (70) for furth e r r e ducing and r e forming th e imag e from the 
fourth cond e ns e r (71). 

#0t A s e miconductor las e r d e vice as s e t forth in claim 8 or 9, further provided with an 
angl e changer provid e d at the imag e forming plane of said fourth cond e nser or in its vicinity and 
changing the c e nt e r optical ax e s of the group of beams to said s e cond dir e ction for e ach row to 
obtain a group of b e ams e mitted from substantially th e sam e obj e ct. 
A semiconductor laser d e vic e provid e d w ife 

54t a laser diod e stack array provid e d with a plurality of emitt e rs, e xtending long in a 
first dir e ction of e mission of las e r beams, to bo arranged lin e arly in said first dir e ction and 
arrang e d in a plurality of rows and emitting a group of las e r b e ams having las e r b e am e lem e nts 
arrang e d in a two dimensional array; 

a first cond e ns e r (20) provid e d in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r b e ams for ev e ry row in a s e cond dir e ction substantially at 
right angl e s to said first dir e ction; 
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Sir a first beam conv e rt e r (30) provid e d in front of said first cond e ns e r (20), r e c e iving 
said group of las e r b e ams collimated in the s e cond dir e ction, and e mitting it conv e rt e d to a 
substantially ladder rung configuration group of las e r b e ams e xt e nding in said first dir e ction for 
e v e ry row; 

54r a s e cond cond e ns e r (80) provid e d in front of said first b e am conv e rt e r (30) and 
b e nding and collimating said group of laser b e ams output from said first b e am convert e r (30) in a 
s e cond dir e ction substantially at right angl e s to said first dir e ction for e v e ry row; 

&&r a first b e am compressor (110, 111) r e ceiving said group of las e r beams output 
from s aid s e cond cond e ns e r (80) and e mitting it conv e rted into a compr e ss e d substantially ladd e r 
rung configuration group of las e r beams e xt e nding in said first dir e ction of th e plurality of rows; 

&6t a s e cond b e am compressor (112, 113) provid e d in front of said first b e am 
compressor (1 10, 1 1 1) and e mitting th e las e r b e ams output from said first beam compr e ssor (110, 
111) conv e rt e d into a group of laser b e ams with short e n e d int e rvals of the rows and compr e ss e d 
in said s e cond dir e ction of th e plurality of rows; 

57r a fourth cond e ns e r (60) for r e c e iving th e b e ams output from said s e cond b e am 
compr e ssor (113) and making th e b e am div e rg e nc e angl e in said first dir e ction clos e to th e b e am 
divergenc e angl e of said s e cond dir e ction; and 

#&r a third cond e ns e r (70) for cond e nsing tho group of las e r b e ams output from said 
fourth cond e ns e r (60). 

A s e miconductor las e r devic e provided with : 

59r on e of a las e r diod e stack array provided with a plurality of e mitt e rs, e xt e nding 
long in a first dir e ction of e mission of las e r beams, to b e arranged linearly in said first dir e ction 
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and arrang e d in a plurality of rows and e mitting a group of laser b e ams having las e r b e am 
elements arrang e d in a two dim e nsional array and a laser diode stack array provided with a 
plurality of e mitt e rs, e xt e nding long in a first dir e ction of emission of laser b e ams, to b e arrang e d 
linearly dens e ly in said first dir e ction and arrang e d in a plurality of rows and e mitting a group of 
las e r b e ams compris e d of las e r b e ams substantially continuing lin e arly arrang e d in a plurality of 
rows; 

60r a first cond e nser (20) provided in front of said las e r diod e s tack array and bonding 
and collimating said group of las e r b e ams for e very row in a s e cond dir e ction substantially at 
right angl e s to said first dir e ction; 

6±r a first b e am convert e r (30) provid e d in front of said first condens e r (20), dividing 
th e group of las e r b e ams in e ach row r , providing in e ach row in parallel optical e l e m e nts for 
b e nding th e ax e s of th e cross s e ctions of th e laser b e am units to substantially right angl e s using 
as units th e divid e d pluraliti e s of laser beams, r e c e iving said group of las e r b e ams collimat e d in 
th e s e cond direction, rotating th e ax e s of th e cross s e ctions of the laser b e am units for each 
optical e l e m e nt, and e mitting th e b e ams as a substantially ladd e r rung configuration group of 
las e r b e am s e xt e nding in s aid first dir e ction using said divided pluraliti e s of las e r b e ams as unit s ; 

62r a s e cond cond e nser (80) provid e d in front of said first b e am conv e rter (30) and 
b e nding and collimating said group of las e r b e ams output from said first beam convert e r (30) in a 
s e cond direction substantially at right angl e s to said first direction for every row; 

63r a first b e am compr e ssor (110, 111) r e ceiving said group of laser b e ams output 
from said s e cond cond e ns e r (80) and e mitting it conv e rt e d into a compress e d substantially ladd e r 
rung configuration group of las e r b e ams e xt e nding in said first dir e ction of th e plurality of rows; 
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64r a s e cond b e am compr e ssor (112, 113) provid e d in front of said first b e am 
compressor (1 10, 1 1 1) and omitting th e las e r b e ams output from said first b e am compressor (110, 
111) conv e rt e d into a group of las e r b e ams with short e n e d int e rvals of th e rows and compress e d 
in said second dir e ction of the plurality of rows; 

6§r a fourth cond e ns e r (60) for r e c e iving th e b e ams output from said second b e am 
compr e ssor (113) and making th e beam div e rgenc e angl e in said first dir e ction clos e to th e b e am 
div e rg e nce angl e of said second dir e ction; and 

66r a third cond e ns e r (70) for cond e nsing th e group of las e r b e ams output from said 
fourth condens e r (60). 

A s e miconductor las e r d e vic e provid e d with : 

&h a las e r diod e stack array provid e d with a plurality of e mitt e rs, e xtending long in a 
first dir e ction of e mission of las e r b e ams, to b e arranged lin e arly in said first dir e ction and 
arrang e d in a plurality of rows and emitting a group of las e r b e ams having laser b e am e l e m e nts 
arranged in a two dimensional array; 

6&r a first cond e ns e r (20) provid e d in front of said las e r diode stack array and bending 
and collimating said group of las e r b e ams for e very row in a s e cond dir e ction substantially at 
right angl e s to said first dir e ction; 

69t a first b e am conv e rt e r (30) provid e d in front of said first cond e ns e r, rec e iving said 
group of las e r b e ams collimat e d in th e s e cond direction, and e mitting it conv e rt e d to a 
substantially ladd e r rung configuration group of lasor beams ext e nding in said first dir e ction for 
e v e ry row; 
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TOt a s e cond cond e ns e r (80) provid e d in front of said first b e am conv e rt e r (30) and 
b e nding and collimating said group of las e r b e ams output from said first b e am convert e r (30) in a 
s e cond dir e ction substantially at right angl e s to said first dir e ction for e v e ry row; 

a first b e am compr e ssor (150, 151) r e c e iving said group of las e r b e ams output 
from said s e cond cond e ns e r (80) and e mitting it conv e rted into a compr e ssed substantially ladd e r 
rung configuration group of las e r b e ams with short e n e d ladd e r rung intervals and e xt e nding in 
said first dir e ction of th e plurality of rows; 

TL-. a s e cond b e am compr e ssor (152, 153) provid e d in front of said first b e am 
compr es sor (150, 151) and emitting the las e r beams conv e rt e d into a compr e ss e d group of las e r 
b e ams with shorten e d int e rvals of th e rows and e xt e nding in said s e cond dir e ction of th e plurality 
of rows; 

Th-. an angl e chang e r provid e d insid e on e of said first b e am compr e ssor (150, 151) and 
said s e cond b e am compr e ssor (150, 151) and changing th e optical axis angles; and 

74r a third condens e r (70) for cond e nsing th e group of laser b e ams. 
A s e miconductor las e r devic e provid e d with : 

IS? on e of a las e r diod e stack array provid e d with a plurality of e mitt e rs, e xtending 
long in a first direction of e mission of las e r b e ams, to b e arrang e d lin e arly in said first dir e ction 
and arrang e d in a plurality of rows and emitting a group of laser b e ams having las e r b e am 
e l e m e nts arrang e d in a two dim e nsional array and a las e r diod e stack array provid e d with a 
plurality of emitters, e xt e nding long in a first dir e ction of e mission of las e r b e ams, to b e arrang e d 
linearly d e nsely in said first dir e ction and arrang e d in a plurality of rows and emitting a group of 
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las e r b e ams comprised of las e r b e ams substantially continuing lin e arly arrang e d in a plurality of 
rows; 

7&7 a first cond e nser (20) provid e d in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r beams for e v e ry row in a s e cond dir e ction substantially at 
right angl e s to said first dir e ction; 

Th a first b e am conv e rt e r (30) provid e d in front of said first cond e nser (20), dividing 
th e group of las e r b e ams in e ach row, providing in e ach row in parall e l optical e l e m e nts for 
b e nding th e ax e s of the cross s e ctions of th e laser beam units to substantially right angl e s using 
as units th e divid e d pluraliti e s of las e r b e ams, r e ceiving said group of laser beams collimat e d in 
th e s e cond direction, rotating th e ax e s of th e cross s e ctions of th e laser b e am units for e ach 
optical e l e ment, and e mitting the beams as a substantially ladder rung configuration group of 
las e r beams e xt e nding in said first direction using said divid e d pluraliti e s of las e r beams as units; 

7&7 a s e cond cond e ns e r (80) provid e d in front of said first b e am conv e rt e r (30) and 
b e nding and collimating said group of las e r b e ams output from said first b e am conv e rt e r (30) in a 
s e cond dir e ction substantially at right angl e s to said first dir e ction for e very row; 

79r a first b e am compr e ssor (110, 111) r e c e iving said group of laser beams output 
from said s e cond cond e ns e r (80) and emitting it conv e rt e d into a compr e ss e d substantially ladd e r 
rung configuration group of las e r b e ams e xt e nding in said first dir e ction of th e plurality of rows; 

8©r a s e cond b e am compr e ssor (112, 113) provid e d in front of said first b e am 
compr e ssor (1 10, 1 1 1) and e mitting th e laser beams output from said first beam compressor (1 10, 
111) conv e rted into a compr e ss e d group of las e r b e ams with short e ned intervals of th e rows and 
extending in said s e cond dir e ction of th e plurality of rows; 
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&4r an angl e chang e r provid e d inside on e of said first b e am compr e ssor (110, 111) and 
said s e cond b e am compressor (1 12, 113) and changing th e optical axi s angl e s; and 

£2r a third condens e r (70) for cond e nsing th e group of laser b e ams. 

&3t A s e miconductor las e r d e vic e as s e t forth in claim 13 or 1 4 , wherein said b e am 
compr e ssors ar e compris e d by a two dim e nsional beam compr e ssor (1 4 0, 1 4 1) combining th e 
functions of the first b e am compr e ssor and s e cond b e am compr e ssor. 

84r A semiconductor las e r devic e as set forth in claim 13 or 1 4 , further provid e d with 
a s e cond b e am conv e rter (50) provid e d b e twe e n said first b e am compr e ssor and said s e cond 
b e am compressor, r e c e iving said substantially ladd e r rung configuration group of las e r b e ams 
with short e n e d ladd e r rung int e rvals and e xt e nding in said first dir e ction of th e plurality of rows, 
conv e rting it to substantially ladd e r rung configuration las e r b e ams e xtending in said s e cond 
dir e ction for each row, and as a r e sult e mitting it conv e rt e d to a singl e row of substantially ladd e r 
rung configuration las e r b e ams with all las e r b e ams e xt e nding in said s e cond dir e ction. 
A semiconductor laser d e vice as set forth in claim 16, further provid e d wi th: 

&5r a second b e am conv e rt e r (50) provided b e tw e en said first b e am compr es sor and 
said s e cond beam compr e ssor, r e c e iving said substantially ladd e r rung configuration group of 
las e r b e ams with short e n e d ladd e r rung int e rvals and e xtending in said first direction of th e 
plurality of rows, converting it to substantially ladd e r rung configuration las e r b e ams ext e nding 
in said s e cond dir e ction for e ach row, and as a r e sult emitting it conv e rt e d to a singl e row of 
substantially ladd e r rung configuration las e r b e ams with all las e r b e ams e xtending in said s e cond 
dir e ction and 
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&6r an angl e changer provid e d in front of said s e cond beam conv e rter (50) and 
changing th e c e nt e r optical ax e s of th e group of b e ams to said s e cond direction to obtain a group 
of b e ams e mitt e d from substantially th e sam e obj e ct. 

$7r A s e miconductor laser d e vic e as s e t forth in claim 16 or 17, further provid e d with 
a fifth cond e ns e r (15 4 ) provid e d b e tw e en said first b e am compr e ssor and said s e cond b e am 
conv e rt e r, r e c e iving said substantially ladd e r rung configuration group of las e r b e ams with 
shorten e d ladd e r rung int e rvals and extending in said first dir e ction of th e plurality of rows and 
e mitting it b e nding and collimating th e laser b e ams of each row. 

&&7 A s e miconductor las e r d e vice as set forth in claim 18, wh e r e in said fifth cond e ns e r 
(15 4 ) is a cylindrical l e ns. 

89t A s e miconductor las e r d e vic e as s e t forth in any on e of claims 1 to 19, furth e r 
provid e d with a shift e r provid e d betw ee n said first b e am conv e rter and said s e cond condenser 
and shifting in parall e l optical ax e s in said s e cond dir e ction for e ach row. 

9©r A semiconductor las e r d e vice as set forth in any on e of claims 1 or 20, further 
provid e d with a shift e r provid e d b e tw ee n said first cond e ns e r and said first b e am conv e rt e r and 
shifting in parallel optical ax e s in s aid se cond dir e ction for e ach row. 

A s e miconductor las e r d e vic e as s e t forth in any one of claims 1 to 21, wh e r e in 
said s e cond cond e nser is a on e dim e nsional array of cylindrical l e ns e s. 
A semiconductor las e r d e vic e provid e d with: J 

93r a laser diodo stack array provid e d with a plurality of e mitt e rs, e xt e nding long in a 
first dir e ction of e mission of las e r b e ams, to b e arranged linearly in said first dir e ction and 
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arranged in a plurality of rows and e mitting a group of las e r beams having las e r b e am el e ments 
arrang e d in a two dim e nsional array; 

9$r a first cond e ns e r (20) provided in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r b e ams for e v e ry row in a second direction substantially at 
right angl e s to said first dir e ction; 

94r a s e cond b e am compr e ssor (112, 113) provid e d in front of said first cond e ns e r 
(20), r e c e iving said group of laser b e ams collimat e d in said s e cond dir e ction, and e mitting the 
las e r b e ams conv e rt e d into a group of las e r b e ams with compr e ssed distances b e tw ee n optical 
ax e s in said second dir e ction; 

9&r a first beam convert e r (50) provid e d in front of said s e cond b e am compr e ssor 
(112, 113), dividing th e group of las e r b e ams in each row, providing in each row in parall e l 
optical e l e m e nts for b e nding th e ax e s of th e cross s e ctions of th e las e r b e am units to substantially 
right angl e s using as units th e divid e d pluraliti e s of las e r b e ams, r e c e iving said group of las e r 
b e ams collimat e d in th e s e cond dir e ction and compr e ssed in distance b e tw e en optical ax e s in 
said s e cond direction, rotating th e axes of th e cross - sections of th e las e r b e am units for e ach 
optical e l e m e nt, and e mitting th e b e ams as a substantially ladder rung configuration group of 
las e r b e ams ext e nding in said first dir e ction using said divid e d pluraliti e s of las e r b e ams as units; 

9&: a first beam compr e ssor (110, 111) provid e d in front of said first b e am conv e rt e r 
(50) and e mitting said las e r b e ams convert e d into a group of las e r b e ams compr e ss e d in said first 
dir e ction; 
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97r a s e cond cond e ns e r (60) provid e d in front of said first b e am compr e ssor (110, 
111) and making th e beam div e rg e nc e angle of said first dir e ction close to th e div e rg e nc e angl e 
of said second direction; and 

a third condens e r (70) for condensing said group of las e r b e a ms r 
98t A semiconductor las e r d e vic e provid e d with: 

99t on e of a las e r diode stack array provid e d with a plurality of e mitt e rs, extending 
long in a first dir e ction of e mission of las e r b e ams, to b e arrang e d lin e arly in said first direction 
and arrang e d in a plurality of rows and emitting a group of laser beams having las e r b e am 
e lem e nts arrang e d in a two dim e nsional array and a las e r diod e stack array provid e d with a 
plurality of e mitt e rs, e xt e nding long in a first dir e ction of e mission of las e r b e ams, to b e arrang e d 
lin e arly d e nsely in said first dir e ction and arrang e d in a plurality of rows and emitting a group of 
laser b e ams compris e d of las e r b e ams substantially continuing lin e arly arranged in a plurality of 
rows; 

4-OOr a first condens e r (20) provid e d in front of said las e r diod e stack array and b e nding 
and collimating said group of las e r b e ams for every row in a s e cond dir e ction substantially at 
right angles to said first dir e ction; 

a s e cond b e am compr e ssor (112, 113) provid e d in front of said first cond e ns e r 
(20), receiving said group of las e r b e ams collimat e d in said s e cond dir e ction, and e mitting th e 
las e r beams conv e rted into a group of laser b e ams with compr e ss e d distanc e s b e tw ee n optical 
ax e s in said s e cond dir e ction; 

402r a first b e am conv e rter (50) provid e d in front of said second b e am compressor 
(112, 113), dividing the group of las e r b e ams in e ach row, providing in e ach row in parall e l 
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optical elem e nts for b e nding th e axes of the cross s e ctions of th e las e r beam units to substantially 
right angl e s using as units the divid e d pluraliti e s of las e r b e ams, r e c e iving said group of las e r 
b e ams collimat e d in the s e cond dir e ction and compress e d in distanc e b e tw ee n optical ax e s in 
said s e cond dir e ction, rotating the ax e s of th e cross s e ctions of th e las e r b e am units for e ach 
optical e l e m e nt, and e mitting th e beams as a substantially ladd e r rung configuration group of 
las e r beams e xtending in said first dir e ction using said divid e d pluraliti e s of laser beams as units; 

4-0^t a first b e am compressor (110, 111) provid e d in front of said first b e am conv e rt e r 
(50) and e mitting said laser b e ams conv e rt e d into a group of las e r b e ams compress e d in said first 
dir e ction; 

W4r a s e cond condens e r (60) provided in front of said first b e am compr e ssor (110, 
111) and making th e beam div e rg e nc e angl e of said first dir e ction close to th e div e rg e nc e angle 
of said s e cond dir e ction; and 

WSr a third cond e ns e r (70) for cond e nsing said group of laser b e ams. 

4r06r A s e miconductor las e r d e vic e as s e t forth in claim 2 4 , furth e r provided with a fifth 
cond e ns e r (155) provid e d b e tw ee n said s e cond b e am compr e ssor and said first b e am conv e rt e r, 
rec e iving a group of las e r b e ams with distanc e s b e tw e en optical ax e s in said s e cond dir e ction 
compr e ssed, and e mitting the las e r beams of e ach row b e nt and collimat e d in said s e cond 
direction. 

Wh A s e miconductor laser devic e as s e t forth in claim 25, wherein said fifth cond e ns e r 
(155) is a cylindrical l e ns. 

A semiconductor laser d e vice as s e t forth in claim 25 or 26, further provid e d with, 
in front of said s e cond b e am compr e ssor (110, 1 1 1), an angle chang e r changing th e c e nt e r optical 
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axes of th e group of beams to obtain a group of b e ams e mitt e d from substantially th e sam e 
obj e ct. 

409r A s e miconductor las e r d e vic e as set forth in any on e of claims 3 to 5, 10, 13 to 1 4 , 
17 to 22, and 27, wher e in said angl e chang e r is on e of an inclin e d transpar e nt plat e and an array 
of w e dg e prisms. 

44#r A s e miconductor laser devic e as set forth in any on e of claims 3 to 5, 10, 13 to 1 4 , 
17 to 22, and 27 to 28, wh e r e in said angl e chang e r is an array of cylindrical l e ns e s. 

444-t A s e miconductor las e r d e vic e as s e t forth in any on e of claims 3 to 5, 10, 13 to 1 4 , 
17 to 22, and 27 to 29, wh e rein said angl e chang e r is a segm e nt typ e refl e ction mirror. 

44-2r A s e miconductor las e r d e vic e as s e t forth in any on e of claims 1 to 30, wh e r e in 
said b e am compr e ssor is compris e d of on e of an anamorphic prism and anamorphic prism pair. 

444t A semiconductor las e r d e vic e as s e t forth in any on e of claims 1 to 31, wh e rein 
said b e am compr e ssor is a t e lescop e using one of on e dim e nsional and two - dimensional lens e s. 

444r A semiconductor las e r d e vic e as s e t forth in any on e of claims 1 to 32, wh e r e in 
said b e am compressor is a tel e scop e using on e of a on e dim e nsional and two dim e nsional 
parabolic mirror. 

444r A s e miconductor las e r d e vic e as s e t forth in any one of claims 1 to 33, wherein 
said first condenser is a on e dim e nsional array of cylindrical l e ns e s. 

446r A semiconductor las e r d e vic e as s e t forth in any on e of claims 1 to 3 4 , furth e r 
provid e d, in front of said first condens e r, with an angl e adjuster for fin e ly adjusting the angle of 
optical axes for e ach row to said s e cond dir e ction. 
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44^7 A s e miconductor las e r devic e as set forth in claim 35, wh e r e in said angl e adjust e r 
combin e s at l e ast two w e dge plat e s in r e v e rs e directions and can rotate at least one w e dg e plat e . 

44&T A semiconductor laser d e vice as set forth in any one of claims 1 to 36, using as a 
b e am conv e rt e r a b e am conv e rt e r comprising a plurality of optical e l e ments each provid e d with: 

44£r a rec e iving part for r e c e iving incid e nt light beams having cross s e ctions 
perpendicular to th e optical ax e s as first ax e s, 

450r an optical syst e m for rotating th e first axis of said b e am cross sections to 
substantially right angles, and 

iQArr an e mission part for e mitting e mitt e d b e ams passing through said optical syst e m, 

±Q3rr said optical e lem e nts arrang e d on the optical ax e s of th e laser beams and the 
r e c e iving parts and e mission parts of said optical e l e m e nts arrang e d adjoining each oth e r two 
dim e nsionally on th e sam e plan es . 

42^7 A s e miconductor las e r d e vic e as set forth in claim 37, wh e rein said optical 
e l e m e nt is a spac e d e fin e d by r e fl e cting faces, said spac e providing a first reflecting fac e v e rtical 
and inclin e d about 4 5° with r e sp e ct to incid e nt b e ams, a s e cond r e flecting fac e parall e l to th e 
incid e nt beams and inclin e d about 4 5° with r e spect to the horizontal plane, and a third r e fl e cting 
fac e p e rp e ndicular to th e vertical surfac e parallel to th e incid e nt b e ams, parall e l to th e lin e of 
inters e ction b e tw ee n said first reflecting fac e and s e cond r e fl e cting fac e , and inclined about 4 5° 
with r e sp e ct to th e horizontal plan e . 

4247 A s e miconductor laser devic e as s e t forth in claim 37, wher e in said optical 
element is a prism compris e d of a first total r e fl e cting fac e , a s e cond total refl e cting face, a third 
total r e fl e cting face, an incidenc e fac e , an e mission fac e , and a joining fac e , in which prism said 
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first, s e cond, and third total refl e cting fac e s int e rs e ct e ach oth e r with intersecting angl e s of 60°, 
said incidenc e fac e and e mission fac e ar e parall e l and p e rp e ndicularly inters e ct said s e cond total 
r e fl e cting fac e and are inclined about 4 5° with r e sp e ct to said first and third total r e fl e cting fac e s, 
and said joining face is parallel to said s e cond total r e fl e cting face, and wherein one of a on e 
dim e nsional array of prisms comprised of said prisms arrang e d adjoining each other with said 
third total r e fl e cting fac e s, incidenc e faces, and e mission fac e s on tho sam e planes and with 
joining fac e s and s e cond total r e fl e cting faces of adjoining prisms join e d togeth e r and a two 
dim e nsional array compris e d of one dimensional arrays of prisms furth e r aligned in parall e l is 
us e d as said b e am conv e rt e r. 

425r A s e miconductor las e r d e vic e as s e t forth in claim 37, wher e in on e of an optical 
glass m e mb e r having parall e l first and second flat surfaces, a third flat surfac e int e rs e cting said 
first flat surfac e by an angl e of 135°, and a fourth surfac e compris e d of a cyclically b e nt surface 
compris e d of p e aks and vall e ys having a bending angl e of th e lin e along which th e p e aks and 
vall e ys e xt e nd of 60°, form e d continuously in a wav e configuration in a dir e ction int e rsecting 
said first flat surface by an angle of tan -4 (1/V2), and having peak lines and vall e y lin e s parall e l to 
said third flat surface, said first flat surfac e b e ing us e d as an incidenc e fac e , said s e cond flat 
surfac e b e ing us e d as an e mission face, said fac e s among th e bent fac e s forming said fourth 
surfac e int e rsecting said first flat surface by an angle of 4 5° being us e d as a first refl e cting fac e , 
th e oth e r fac e s being used as a s e cond r e fl e cting face, and said third flat surfac e b e ing us e d as a 
third refl e cting fac e , and a on e dim e nsional array compris e d of said optical glass m e mbers 
furth e r align e d lin e arly is used as a beam convert e r. 
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436t A s e miconductor las e r device as set forth in claim 37, whoroin on e of a mirror 
structure having a first flat surfac e int e rs e cting a flat surfac e perpendicular to an incid e nc e optical 
axis by an angl e of 135°, a s e cond surfac e compris e d of a cyclically bont surfac e compris e d of 
peaks and valleys having a b e nding angl e of the lin e along which th e p e aks and vall e ys e xt e nd of 
60°, formed continuously in a wav e configuration in a dir e ction int e rs e cting a flat surface 
perp e ndicular to said incid e nc e optical axis by an angl e of tan~* (1/V2), and having p e ak lin e s and 
vall e y lin e s parall e l to said first flat surfac e , said first flat surfac e and said s e cond surfac e b e ing 
tr e at e d to form mirror surfac e s, said faces among th e b e nt fac e s forming said s e cond surfac e 
int e rs e cting said flat surface p e rp e ndicular to said incidenc e optical axis by an angl e of 45° b e ing 
used as a first refl e cting fac e , th e oth e r fac e s b e ing us e d as a second refl e cting face, and said first 
flat surface b e ing us e d as a third refl e cting fac e , and a on e dim e nsional array compris e d of said 
mirror structur e s furth e r align e d lin e arly is us e d as a b e am conv e rt e r. 

437t A s e miconductor las e r d e vic e as s e t forth in claim 37, wher e in said optical 
e l e m e nt is comprised of a pair of convex cylindrical lens e s e ach with axes inclin e d about 4 5° 
arrang e d facing e ach oth e r across a spac e of a pr e d e t e rmin e d distanc e . 

43&r A s e miconductor las e r d e vic e as s e t forth in claim 37, wh e r e in said optical 
e l e m e nt is compris e d of an array of a plurality of pairs of conv e x cylindrical lens e s e ach with 
ax e s inclin e d about 4 5° arrang e d facing each oth e r across a spac e of a pr e d e termin e d distanc e . 

439t A s e miconductor las e r devic e as s e t forth in claim 4 2 or 4 3, wh e r e in in said pairs 
of cylindrical l e ns e s, a radius of curvatur e of e mission sid e l e nses is smaller than a radius of 
curvatur e of incid e nc e sid e l e ns e s. 
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-t30r A s e miconductor las e r d e vice as s e t forth in claim 37, wher e in said optical 
e l e m e nt is a cylindrical l e ns having conv e x l e ns parts at th e two e nds of the sid e faces and 
wh e r e in a plurality of optical e l e m e nts are join e d inclin e d by about 4 5° with r e sp e ct to an 
incid e nc e optical axis. 

4^±r A s e miconductor las e r devic e as s e t forth in claim 37, whoroin said b e am 
conv e rter is a on e dim e nsional array of a plurality of cylindrical l e ns e s having convex lens parts 
at th e two e nds of th e sid e fac e s join e d inclin e d by about 4 5° with r e spect to an incidenc e optical 

ov ir 

433t A s e miconductor las e r d e vic e as s e t forth in claim 4 5 or 4 6, wher e in in said 
conv e x l e ns parts, a radius of curvatur e of e mission sid e l e ns e s is smaller than a radius of 
curvature of incid e nc e sid e lens e s. 

+5^t A semiconductor las e r devic e as s e t forth in claim 37, wh e rein said b e am 
conv e rter is comprised of an optical glass prism having a r e ctangular cross s e ction formed with a 
plurality of cylindrical surfac e s inclin e d about 4 5° in th e sam e dir e ction as its incidenc e fac e and 
e mission fac e and e mits incid e nt b e ams e nt e ring its cylindrical surfac e s rotat e d about 90° in 
cross section. 

+54r A s e miconductor laser d e vic e as s e t forth in claim 4 8, wh e r e in, in said cylindrical 
surfac e s, a radius of curvatur e of e mission sid e surfaces is small e r than a radius of curvatur e of 
incid e nc e sid e surfac e s, with th e angl e of inclination adjusted to emit incid e nt b e ams entering its 
cylindrical surfac e s rotat e d about 90° in cross section. 
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44#r A s e miconductor las e r d e vic e as s e t forth in claim 37, wh e rein said optical 
e l e m e nt is a dub prism having a trap e zoidal cross s e ction and a plurality of said optical e lem e nts 
is arrang e d inclined by about 45°. 

446r A s e miconductor las e r device as s e t forth in claim 37, wher e in said optical 
el e ment is compris e d of two optical e l e m e nts changing in pow e r in only a dir e ction 
p e rpendicular to a cent e r axis due to diffraction and arrang e d with c e nt e r ax e s inclined about 4 5°. 

A s e miconductor laser d e vice as s e t forth in claim 37, wh e r e in said beam 
conv e rt e r is compris e d of, at both th e incidenc e sid e and e mission sid e , a pair of binary optic 
e lem e nts arrang e d facing e ach other across a spac e of a pr e det e rmin e d distanc e , the surfac e s of 
th e incid e nc e sid e binary optic e lem e nt and e mission sid e binary optic e lement being formed with 
pluraliti e s of axially symm e tric st e pp e d surfac e s changing in d e pth so that th e pow e rs chang e 
symm e tric to c e nt e r ax e s inclin e d about 4 5° in dir e ctions p e rp e ndicular to th e c e nt e r ax e s, and 
e mits incid e nt b e ams e nt e ring th e axially symmetric st e pp e d surfac e s rotat e d about 90° in cross 
s e ction. 

A s e miconductor las e r d e vic e as set forth in claim 37, wherein said optical 
el e m e nt is compris e d of an optical e l e ment compris e d of a structur e with continuously changing 
r e fractiv e ind e x e s and changing in pow e r in only a dir e ction p e rp e ndicular to th e ori e ntation of 
arrang e m e nt and is arrang e d inclin e d 4 5° with r e sp e ct to a horizontal plan e . 

449r A s e miconductor las e r devic e as s e t forth in claim 37, wh e r e in said b e am 
conv e rt e r is comprised of a plurality of on e dim e nsional profil e r e fractiv e ind e x l e ns e l e m e nts 
compris e d of optical glass members with r e fractive indexes highest at th e c e nt e r faces and 
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b e coming low e r th e clos e r to th e sid e fac e s and join e d with said c e nt e r faces inclin e d about 4 5° 
with r e sp e ct to a horizontal plane. 

44©r A s e miconductor las e r d e vic e as s e t forth in claim 37, wh e rein said b e am 
conv e rter is comprised of an optical glass plat e on both surfac e s of which are form e d pluraliti e s 
of s e micylindrical profil e r e fractiv e ind e x l e ns e l e m e nts inclin e d about 4 5° with r e sp e ct to those 
surfaces, arrang e d facing e ach oth e r in the sam e dir e ction, and having r e fractiv e ind e x e s high e st 
at th e c e nt e rs of the s e micylind e rs and th e r e fractiv e index e s becoming lower th e furth e r to th e 
outsid e s. 

444t A s e miconductor laser device as set forth in any on e of claims 1 to 55, provid e d 
with at least two laser diod e stack arrays provid e d with said first condens e rs in front and 
provid e d with an optical devic e for coupling th e at l e ast two groups of las e r b e ams emitt e d from 
said first cond e ns e rs in front of said cond e nsers. 

442r A s e miconductor las e r d e vice as s e t forth in any on e of claims 1 to 55, provid e d 
with at least two las e r diod e stack arrays and provid e d with an optical devic e for wav e l e ngth 
coupling the at least two groups of las e r b e ams ent e ring said third cond e nser aft e r said 
cond e ns e r. 

443r A s e miconductor las e r devic e as s e t forth in any one of claims 1 to 55, provid e d 
with at l e ast thr ee laser diod e stack arrays provid e d with said first condensers in front and 
provid e d with an optical d e vic e for coupling th e at l e ast two groups of las e r b e ams e mitt e d from 
said first condensers in front of said condens e rs and provid e d with an optical d e vic e for 
wav e l e ngth coupling at l e ast two groups of las e r b e ams e ntering said third condens e r aft e r said 
cond e ns e r. 
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444t A s e miconductor laser d e vice as s e t forth in claim 56 or 58, wh e r e in said optical 
dovico is a polarization e l e m e nt. 

-t4#r A s e miconductor las e r d e vic e as set forth in claim 56 or 58, wh e r e in said optical 
d e vic e is a mirror form e d with through window s at th e sam e pitch as th e stack pitch of said las e r 
diode stack array. 

446r A s e miconductor las e r d e vic e as s e t forth in claim 56 or 58, wh e r e in said optical 
d e vice is comprised of mirrors arrang e d at the sam e pitch as th e stack pitch of said las e r diod e 
stack array. 

4-4^7 A s e miconductor las e r d e vic e as s e t forth in claim 56 or 58, wher e in said optical 
d e vice is compris e d of right angl e prisms arrang e d at th e sam e pitch as th e stack pitch of said 
las e r diode stack array. 

448r A s e miconductor las e r d e vic e as s e t forth in claim 57 or 58, wher e in said optical 
d e vice is a dichroic mirror. 

449t A s e miconductor las e r device as s e t forth in any on e of claims 1 to 63, furth e r 
provid e d with an optical fib e r having an e nd fac e at a focal plan e of said third cond e ns e r. 

4-§Qr A s e miconductor laser device as s e t forth in claim 6 4 , wher e in said optical fib e r is 
an optical fiber with a cor e dop e d with a rar e e arth e l e ment. 

-t#±r A s e miconductor las e r pump e d solid -s tat e las e r d e vic e provid e d with a 
s e miconductor las e r devic e as s e t forth in any on e of claims 1 to 65 and a solid state las e r 
e lem e nt with a pump e d light r e c e iving fac e matched with a focal position of said third cond e ns e r. 

4^2r A s e miconductor las e r pump e d solid stat e laser d e vic e provided with a 
semiconductor las e r d e vic e as s e t forth in claim 6 4 , an optical syst e m for collimating th e b e ams 
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e mitt e d from th e optical fib e r as s e t forth in claim 6 4 go as to converg e th e m to th e focal point, - 
and a solid state laser e lem e nt having a pump e d light r e c e iving face and having said pump e d 
light r e c e iving fac e match e d with th e position of said focal point. 

4-§5t A s e miconductor laser pump e d solid stat e las e r d e vice as s e t forth in claim 67, 
wh e r e in said optical fib e r is an optical fiber with a core doped with a rar e earth el e m e nt. 
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ABSTRACT OF THE DISCLOSURE 

A semiconductor las e r devic e comprised of a las e r e lement stack array emitting a 
two dim e nsional array shap e d group of laser b e ams consisting of rows of las e r b e ams arrang e d 
lin e arly in a brok e n lin e configuration further align e d in parallel and optical e l e ments arrang e d in 
front of th e array, r e c e iving row r s of laser b e ams b e nt and collimat e d in a dir e ction substantially 
p e rpendicular to th e ori e ntation of the brok e n lin e , and emitting from e mitt e rs or groups of 
e mitters las e r beams rotat e d in ori e ntation by right angles so as to conv e rt th e lasor beams to a 
plurality of rows align e d in parall e l in an approximat e ladd e r rung configuration configuration 
and shortening th e distanc e b e tw ee n c e nt e r axes of th e rows of las e r b e ams to cond e nse th e m by 
conv e rting th e m to a group of las e r b e ams e mitt e d from a common obj e ct and ther e by making all 
las e r b e ams conv e rg e to a singl e imag e . 

[00238] 



SUBSTITUTE SPECIFICATION 

NY02: 49M73.1 -491591.1 



-146- 



Document comparison done by DeltaView on Tuesday, September 14, 2004 9:17:37 
AM 



Input: 








Document 1 


PowerDocs://NY02/491 473/1 


Document 2 


PowerDocs://NY02/491 591/1 


Rendering set 


Bold Double Underline-Strikethrough 



Legend: 




Insertion 


Deletion 


Moved from ! 


Moved to 


Style change 


Format change 




Inserted cell . 




Deleted cell 


■: ■ ■ :■ S >:■ .-: S : ; m ■■■■ ■ ■ 


Moved cell 




Split/Merged cell 




Padding cell 





Redline Su 


mmarv < i; ! t ' *• rV^-lH i : T *" J 


No. 


Change 


Text 


1 


Insertion 




2 


Insertion 


SUBSTITUTE SPECIFICATION 


3-4 


Change 


"NY02:491473.1 -1-" changed to 
"NY02:491591.1 


5 


Insertion 


CROSS-REFERENCE TO RELATED 
APPLICATION^) 


6-7 


Insertion 


[0001] This application... herein by reference. j 


8-9 


Change 


"BACKGROUND OF THE INVENTION" 
changed to "FIELD OF THE INVENTION" 


10 


Deletion 


1 . Field of the Invention 


11 


Change 


"The present" changed to "[0001] The present" 


12 


Change 


"beam converter used for a" changed to "beam 
converter capable of being used for a" ' 


13 


Change 


"laser device using" changed to "laser device that 
is capable of using" 



14-15 


Change 


"using that beam converter." changed to "using 
such beam converter." 


16-17 


Change 


"laser condenser for condensing" changed to 
laser condenser capable of condensing 


18-19 


Change 


laser device for pumping a beam of a changed 
to "laser device configured to pump a beam of a" 


20 


Deletion 


2. Description of the Related Art 


21 


Insertion 


BACKGROUND INFORMATION 


22-23 


Change 


"arrays of semiconductor" changed to "[0002] At 
the present... arrays of semiconductor" 


24-25 


Change 


"of about 50W are available." changed to "of 

1 ^ V*\ T "1 T 1 1 "111 If 

about SOW have been available. 


26 


Change 


"By stacking" changed to "[0003] By stacking" 


27-28 


Change 


"fine spot, it should be possible to" changed to 

II /-•» j ■ . • 1*1 | Ml ,11 

fine spot, it is likely possible to 


29-30 


Change 


"possible to use it for a various" changed to 
possible to use such laser beams for a various 


31 


Change 


"It" changed to "[0004] It" 


32-33 


Change 


"It is possible to" changed to "It may be possible 
to" 


34-35 


Change 


"semiconductor laser gives a light source" 
changed to semiconductor laser provides a light 
source" 


36 


Change 


"Each stripe" changed to "[0005] Each stripe" 


37 


Change 


"For example," changed to "[0006] For example," 


38 


Change 


"laser diode (LD" changed to "laser diode ("LD" 


39 


Change 


IIt N. 1 II 1 I A. IIt t>H\ 1 II 

LD) stack array changed to LD") stack array 


40 


Change 


llmi ill | ■ ii r /*\ /~\ /~\ ^ ~\ mi II 

Therefore, changed to [0007] Therefore, 


41 


Change 


"Therefore, to collimate" changed to "Therefore, 
in order to collimate" 


42 


Change 


In this way, changed to [0008] In this way, 


43-44 


Change 


linn j * i * x t*v j 1 ii _ i_ _ „ _ -j x_ ii/t-i 

To utilize a LD stack array changed to To 
utilize the LD stack array" 


45 


Change 


"Further, if changed to "[0009] Further, if 1 


46-47 


Change 


"Further, if attempting to use a semiconductor" 







changed to "Further, if an attempt is.. .to use a 
semiconductor" 


A O 

4o 


Change 


solid-state laser, changed to solid-state laser 


49 


Change 


II || — 1— — ~ — -1 x 11/ II 

as changed to (as 


50-51 


Change 


"as explained above" changed to "as described 
above 


52 


Change 


111 ■ A-t ii ______ _| x _ 111 „ \ ■ j.1 II 

above, since the changed to above), since the 


53-54 


Change 


"about 1 cm, it was not" changed to "about 1 cm, 
j 1 1 

it may not 


55 


Change 


"not possible to" changed to "not be possible to" 


56 


Change 


"possible to focus a.. .of beams to a single" 
changed to "possible to focus beams to a single" 


57-58 


Change 


"pumping system could not be used," changed to 
"pumping system may not be used," 


59 


Change 


"application was only possible" changed to 
"application was previously only possible" 


60 


Change 


"Further, matching" changed to "[0010] Further, 
matching" 


61-62 


Change 


"pumping space is important in" changed to 
"pumping space can be important in" 


63 


Change 


"solid-state laser, as well. A double" changed to 
"solid-state laser. A double" 


64-65 


Change 


"output, a special means was" changed to "output, 
a special may was" 


66-67 


Change 


"was required for concentrating" changed to "was 
previously used for concentrating" 


68 


Change 


inviewottne cnangea to [uuiij in viewoi 
the" 


69-70 


Change 


"above problems, an object of the present" 
changed to "above problems, one of the objects of 
the present" 


71 
i i 


V-/I icii iy t? 


"stack array and able to" changed to "stack array, 
and able to" 


72-73 


Change 


"object of the" changed to "[0012] Still 
another Another object of the" 


74-75 


Change 


"present invention" changed to "[0013] TheAn 
exemplary... of the present invention" 


76-77 


Change 


"present invention solves the above" changed to 







"present invention can solve the above" 


78 


vi idi ly t> 


"the above problems" changed to "the above- 
described problems" 




V-/i id t ly t? 


"problems and has as its.. .of the present" changed 
to "problems. For the... of the present" 


O I oz. 


idi iyc 


,,u in front" means the focal point" changed to ""in 
front" can mean a focal point" 


83-84 


Change 


"focal point side. ...the reference" changed to 
"focal point side, and the reference" 


85-86 


Change 


"examples are shown in parentheses." changed to 
"examples are indicated in parentheses." 


87-88 


Change 


"[0014] [1] A.. .a laser diode" changed 
to "[0015] Therefore, an... includes a laser 
diode" 


8Q 


i ci i iyc 


"laser beams, to be arranged" changed to "laser 
beams, adapted to be arranged" 




Vyl Idi iy t? 


"two-dimensional array;" changed to "two- 
dimensional array. ...direction for every row." 


92 


Deletion 


[0016] a first condenser... to the first direction; 


93 


Deletion 


[0017] a first beam... direction for every row; 


94-95 


Change 


"a second condenser" changed to "[0018] 
According to this... a second condenser" 


96-97 


Change 


"second condenser (80) provided in" changed to 
"second condenser can be provided in" 


98-99 


Change 


"beam converter (30),...collimating the group of 
changed to "beam converter, which is...collimate 
the group of 1 


100 


Change 


"beam converter (30) in a second" changed to 
"beam converter in a second" 


101-102 


Change 


"every row, and using each with center" changed 
to "every row, and configured to use each with 
center" 


103-104 ■ 


Change 


"optical axes;" changed to "optical axes. In... first 
beam compressor." 


105 


Deletion 


[0019] a first beam... plurality of rows; and 


106 


Deletion 


[0020] a third condenser... beam compressor (40). 


107 


Deletion 


[0021] [2] A.. .device provided with: 


i uo- 1 


onange 


"a laser diode" changed to "[0022] one 
ofAnother... array or a laser diode" 


110-111 


Ohanop 


"of emitters, extending long in a first" changed to 
"of emitters. The emitters can extend in a first" 


112-113 


Change 


"laser beams, to be arranged" changed to "laser 
beams, and may be arranged" 


114 


Change 


"direction and arranged in a plurality" changed to 
"direction and in a plurality" 



115-116 


Change 


"beam elements arranged in... and emitting a group 
of changed to "beam elements. The lase...may 
can emit a group of 


117-118 


Change 


"plurality of rows;" changed to "plurality of 
rows." 


119 


Deletion 


[0023] a first condenser... to the first direction; 


120-121 


Change 


"a first beam" changed to "[0024] A first 
condenser... include a first beam" 


122 


Change 


"beam converter (30) provided in" changed to 
"beam converter provided in" 


123-124 


Change 


"beams as units;" changed to "beams as units." 


1 tJ" 1 /L\J 


ul Idi iyt2 


"second condenser" changed to "[0025] aA 
second condenser" 


1 07.100 
1 c. 1 - 1 £.0 


v/l Idi lytJ 


"second condenser (80) provided in" changed to 
"second condenser may be provided in" 


129 


Ohannp 
vi icii ly 


"beam converter (30) in a second" changed to 
"beam converter in a second" 


130-131 


Change 


"optical axes;" changed to "optical axes. In.. .first 
beam compressor." 


132 


Deletion 


[0026] a first beam... plurality of rows; and 


133 


Deletion 


[0027] a third condenser... beam compressor (40). 


134 


Deletion 


[0028] [3] A.. .device provided with: 


1 OO- 1 OO 


\j\ idi iyc 


"a laser diode" changed to "[0029] Still 
another... include a laser diode" 


1 0 # - 1 00 


01 idi iye 


"laser beams, to be arranged linearly" changed to 
"laser beams, and capable... being arranged linearly" 




or idi ly t? 


"plurality of rows and" changed to "plurality of 
rows, and" 


140-141 

1 tu 1 *t 1 


idi iyc> 


"and emitting a group of changed to "and 
configured to emit a group of 1 


142-14*3 


nhannp 

V-/I lai iyv7 


"two-dimensional array;" changed to "two- 
dimensional array. A... direction for every row;" 


144 


Deletion 


[0030] a first condenser... to the first direction; 


145 


Deletion 


[0031] a first beam... direction for every row; 


146 


Deletion 


[0032] a second condenser... direction for every 
row; 


147 


Deletion 


[0033] a first beam... the plurality of rows; 




onange 


"provided in" changed to "[0034] an angle 
changer A... is also provided in" 


150 

1 ou 


vi lai iyc? 


"second condenser (80) and the first" changed to 
"second condenser and the first" 


151 


Change 


"compressor (40), receiving the" changed to 
"compressor (40), capable of receiving the" 


152-153 


Change 


"of rows, and changing the center" changed to "of 
rows, and adapted to change the center" 



1 W*T 1 \J\J 


Oh anno 
wi idi iy t? 


"same object; and" changed to "same object. 
Further, the... in center optical axes." 


156 


Deletion 


[0035] a third condenser... in center optical axes. 


157 


Deletion 


[0036] [4] A. ..device provided with: 


158-159 


Change 


"a laser diode" changed to "[0037] one ofYet 
another... (i) a laser diode" 


160-161 


Change 


"two-dimensional array and a laser diode" 
changed to "two-dimensional array, or (ii) a laser 
diode" 




Phanno 
lal iy t? 


"plurality of rows;" changed to "plurality of rows. 
A.. .group of laser beams." 


164 


Deletion 


[0038] a first condenser... to the first direction; 


165 


Deletion 


[0039] a first beam... of laser beams as units; 


166 


nplpfinn 


[0040] a second condenser... direction for every 
row; 


167 


Deletion 


[0041] a first beam... the plurality of rows; 


168 


Deletion 


[0042] an angle changer... the same object; and 


169 


Deletion 


[0043] a third condenser... group of laser beams. 


170 


Insertion 


[00441 [51 A 


171 179 


onange 


"semiconductor laser... one of the second" changed 
to "According to a further... invention, the second" 


17^ 17A 


onange 


"second condenser (80) and the first beam" 
changed to "second condenser or the first beam" 


17^-17fi 


Phanno 

oi idi lyt? 


"beam converter (40) and... are formed integrally" 
changed to "beam converter can be integrally" 


177 


Phanno 

v> 1 lal iy " 


"integrally." changed to "integrally formed with 
the angle changer." 


178 


Deletion 


[0045] [6] A.. .device provided with: 


179 


Deletion 


[00461 a 


1 AH 1 ft1 
I OU- lo I 


unange 


"laser diode" changed to "[0024] Yet 
another... include a laser diode" 


1A9 1R^ 


unange 


"stack array provided with a plurality of 1 changed 
to "stack array provided with a plurality of 1 


1RA 1ft^ 


unange 


"extending long in a first direction" changed to 
"extending long in a first direction" 


H OC 1Q7 

I OO- I 0 ( 


unange 


"laser beams, to be arranged linearly" changed to 
"laser beams, capable of being arranged linearly" 


1 ftft 1 ftQ 


onange 


"arranged linearly in the first direction" changed 
to "arranged linearly in the first direction" 




Phannp 
v-/i idi iyc 


"first direction and arranged" changed to "first 
direction and arranged" 


192-193 


Change 


"arranged in a plurality of 1 changed to "arranged 
in a plurality of 1 


194-195 


Change 


"plurality of rows and emitting a group" changed 
to "plurality of rows and emitting a group" 



196-197 


Change 


"elements arranged in a two-dimensional" 
changed to "elements arranged in a two- 
dimensional" 


198 


Deletion 


two-dimensional array; 


199 


Deletion 


[0047] a | 


200 


Change 


"first condenser" changed to ". A first condenser" 


201-202 


Change 


"first condenser (20)... front of the laser diode" 
changed to "first condenser may be... front of the 
laser diode" 




V./I Idi iy c 


"stack array and bending" changed to "stack array 
and bending" 




Phannp 
vi idi iy c 


"bending and collimating" changed to "bending 
and collimating" 


907-908 


kj\ idi lyt? 


"for every row in a second direction" changed to 
"for every row in a second direction" 


209 


Deletion 


first direction; 


210 


Deletion 


[00481 a 


211 


Change 


"first beam converter" changed to ". A first beam 
converter" 


212-213 


Change 


"beam converter (30)... of the first condenser" 
changed to "beam converter may be... of the first 
condenser" 


214-215 


Change 


"condenser (20), receiving... laser beams 
collimated" changed to "condenser, so as to. ..laser 
beams collimated" 


216-217 


Change 


"collimated in the second direction," changed to 
"collimated in the second direction," 


218-219 


Change 


"second direction, and emitting it converted to" 
changed to "second direction, and emit the beams 
converted to" 


220-221 


Change 


"beams extending in the first direction for" 
changed to "beams extending in the first direction 
for" 


222 


Deletion 


for every row; 


223 


Deletion 


[0049] a second condenser... the group of laser 
beams 




onange 


"output from" changed to ". A second condenser 
may... laser beams output from" 


225-226 


Change 


"beam converter (30) in a... direction substantially" 
changed to "beam converter in a... direction 
substantially" 


227 


Deletion 


for every row; and 


228 


Deletion 


[00501 a 


229 


Change 


"third condenser" changed to ". The laser device 
also... a third condenser" 



230-231 


Change 


"third condenser (70) for... laser beams output from" 
changed to "third condenser adapted... laser beams 
output from" 


232-233 


Change 


"second condenser (80), forming images," 
changed to "second condenser (80), forming 
images," 


234-235 


Change 


"forming images, and reduce the distance between" 
changed to "forming images, and reducing the 
distance between" 


236 


Deletion 


[005 1 ] [7] A. . .device provided with: 


237 


Deletion 


[00521 one of 




w I leal iy c 


"a laser diode" changed to "[0025] A firther...(i) 
a laser diode" 


940-941 


ul lal ly c 


"stack array provided with a plurality" changed to 
"stack array provided with a plurality" 


949-94^ 


oi icu lye 


"extending long in a first direction" changed to 
"extending long in a first direction" 


944-94^ 


P* h onno 
Ol lal lyt? 


"laser beams, to be arranged linearly" changed to 
"laser beams, capable of being arranged linearly" 


94fi-947 


V-/I lal iy t? 


"arranged linearly in the first direction" changed 
to "arranged linearly in the first direction" 


248-249 


Change 


"first direction and arranged"*changed to "first 
direction and arranged" 


250-251 


Change 


"arranged in a plurality of changed to "arranged 1 
in a plurality of 


252-253 


Change 


"plurality of rows and... laser beams having laser" 
changed to "plurality of rows and.. .laser beams 
having laser" 


254-255 


Change 


"elements arranged in a... laser beams comprised of 1 
changed to "elements arranged in a... laser beams 
comprised of 


256 


Deletion 


linearly arranged in a plurality of rows; 


257 


Deletion 


[0053] a first condenser... the group of laser beams 


258 


Insertion 


in a plurality of rows; 




ul lal iy c 


"for every row" changed to "[0026] The laser 
device... beams for every row" 


261 


Deletion 


first direction; 


262 


Deletion 


[00541 a first 


263 


Change 


"beam converter" changed to ". A first beam 
converter" 


264-265 


Change 


"beam converter (30)... of the first condenser" 
changed to "beam converter may be.. .of the first 
condenser" 


266-267 


Change 


"condenser (20), dividing the" changed to 
"condenser, thus dividing the" 





onange 


"elements for bending the axes of the" changed to 
"elements for bending the axes of the" 


270 


Change 


"laser beams, receiving the group of laser beams" 
changed to "laser beams," 


971 


Onallyc 


"collimated in" changed to "receiving the group of 
laser beams collimated in" 


272-273 


Change 


"optical element, and... beams as a substantially" 
changed to "optical element, and... beams as a 
substantially" 


274 


Deletion 


beams as units; 


97R 


ueienon 


[0055] a second condenser... the group of laser 
beams 


97fi 


wi icti ly c 


"output from" changed to ". A second condenser 
may... laser beams output from" 


977.97Q 


Phanno 
icti iyts 


"beam converter (30) in a second direction" 
changed to "beam converter in a second direction" 


279 


Deletion 


for every row; and 


280 


Deletion 


[00561 


281 


Change 


"a third condenser" changed to ". Further, a third 
condenser" 


282-283 


Change N 


"third condenser (70) for... beams, forming images," 
changed to "third condenser may be... beams, 
forming images," 


284-285 


Change 


"forming images, and reducing the distance 
between" changed to "forming images, and 
reducing the distance between" 


286 


Deletion 


[0057] [8] A.. .device provided with: 


287 


Deletion 


[0058] a laser diode... a group of laser beams 






"having laser" changed to "[0027] Still 
further... laser beams having laser" 


290-291 


Change 


"elements arranged in a two-dimensional" 
changed to "elements arranged in a two- 
dimensional" 


292 


Deletion 


two-dimensional array; 


293 


Deletion 


[0059] a first condenser... the group of laser beams 




Phanno 

icinyt? 


"for every row" changed to ". A first condenser 
may... beams for every row" 


295 


Deletion 


first direction; 


296 


Deletion 


T0060] a first beam... the group of laser beams 




Ph^nnp 
vi ici i iyc 


"" changed to ". A first beam converter... the 
group of laser beams" 


298-299 


Change 


"second direction, and... to a substantially" 
changed to "second direction, and... to a 
substantially" 


300 


Deletion 


for every row; 



oU I 


ueieiion 


[0061] a second condenser... the group of laser 
beams 




onange 


"output from" changed to ". A second condenser 
may... laser beams output from" 


ouo 




"beam converter (30) in" changed to "beam 
converter in" 


OVJH— OUO 


PhannD 
t^/I leu iyts 


"in a second direction" changed to "in a second 
direction" 


306 


Deletion 


for every row; 


307 


Deletion 


r00621 a 


308 


Change 


"fourth condenser" changed to ". A fourth 
condenser" 


309-310 


Change 


"fourth condenser (71). ..of the second condenser" 
changed to "fourth condenser may be... of the 
second condenser" 


311-312 


Change 


"second condenser (80),... the substantially" 
changed to "second condenser, and... the 
substantially" 


313-314 


Change 


"beams extending in the... of rows, forming" 
changed to "beams extending in the... of rows, 
forming" 


315-316 


Change 


"forming images, and reducing the distance 
between" changed to "forming images, and 
reducing the distance between" 


317 


Deletion 


between rows; and 


318 


Deletion 


[00631 a 


^1 Q 

o i y 


unange 


"third condenser" changed to ". The laser device 
can include a third condenser" 


320-321 


Change 


"third condenser (70) for... and reforming the" 
changed to "third condenser for... and reforming 
the" 


322 


Deletion 


fourth condenser (71). 


323 


Deletion 


[0064] [9] A... device provided with: 


324 


Deletion 


[0065] one of a laser... comprised of laser beams 


325 


Insertion 






undnyc 


"substantially" changed to "[0028] Yet 
another... beams substantially" 


328 


Deletion 


linearly arranged in a plurality of rows; 


329 


Deletion 


[0066] a first condenser... beams for every row in a 


330 


x^l 1 CI 1 


"second direction" changed to "in a plurality of 
rows. ...in a second direction" 


331 


Deletion 


first direction; 


332 


Deletion 


[00671 a 


333 


Change 


"first beam" changed to ". A first beam" 


334-335 


Change 


"beam converter (30)... the group of laser" 







changed to "beam converter may be... the group of 
laser" 




vi icu ly c 


"laser beams in each row" changed to "laser 
beams in each row, providing in each row" 


OO 1 


v-»l lal lye 


"in each row, providing in" changed to "in each 
row in" 


338 


Change 


"in each row in parallel optical" changed to "in 
parallel optical" 


339-340 


Change 


"elements for bending the axes of the" changed to 
"elements for bending the axes of the" 


341-342 


Change 


"laser beams, receiving the group of laser" 
changed to "laser beams, receiving the group of 
laser" 


343-344 


Change 


"beams collimated in the second direction," 
changed to "beams collimated in the second 
direction," 


345-346 


Change 


"optical element, and... beams as a substantially" 
changed to "optical element, and... beams as a 
substantially" 


347-348 


Change 


"beams extending in the first direction using" 
changed to "beams extending in the first direction 
using" 


349 


Deletion 


pluralities of laser beams as units; 


350 


Deletion 


[0068] a second condenser... and collimating the 


351 


Insertion 


beams as units. 




Phannp 
ui icu ly tJ 


"group of laser" changed to "[0029] The laser 
device... the group of laser" 


354-355 


Ohannp 

\-/ 1 1 CI 1 IVJ 


"beam converter (30) in a second direction" 
changed to "beam converter in a second direction" 


356-357 


Chanae 


"right angles to the first direction" changed to 
"right angles to the first direction" 


358 


Deletion 


for every row; 


359 


Deletion 


[0069] a fourth condenser... between rows; and 


360 


Deletion 


[0070] a third condenser... fourth condenser (71). 


361 


Insertion 


. A fourth condenser may... the fourth condenser. 


362 


Insertion 


[0071] [10] A 


363-364 


Change 


"semiconductor laser... with an angle changer" 
changed to "According one exemplary... an angle 
changer" 


365 


Change 


"angle changer provided at" changed to "angle 
changer may also be provided at" 


366 


Deletion 


[0072] [11] A.. .device provided with: 


367-368 


Insertion 


[0031] A further... direction for every row. 


369-370 


Insertion 


[0032] A second condenser... the plurality of rows. 


371-372 


Insertion 


[0033] The laser device... the fourth condenser. 







"a laser diode" changed to "[0073] Another 
exemplary... (i) a laser diode" 




vi icii iyc 


"laser beams, to be arranged linearly" changed to 
"laser beams, arranged linearly" 






"plurality of rows and" changed to "plurality of 1 
rows, and" 


377 


Chanae 

v^i icii iu v 


"and emitting a" changed to "and capable of 
emitting a" 


378-379 


Channp 


"two-dimensional array;" changed to "two- 
dimensional array or... direction for every row." 


380 


Deletion 


[0074] a first condenser... to the first direction; 


381 


Deletion 


[0075] a first beam... direction for every row; 


382 


Deletion 


[0076] a second condenser... direction for every 
row; 


383 


Deletion 


[0077] a first beam... the group of laser beams 


oot-ooo 


lal iy t? 


"output from" changed to "[0035] The laser 
device... laser beams output from" 


386-387 


Change 


"second condenser (80) and... compressed 
substantially" changed to "second condenser and 
emit. . .compressed substantially" 


388 


Deletion 


plurality of rows; 


389 


Deletion 


[00781 a 


390 


Change 


"second beam" changed to ". A second beam" 


391-392 


Change 


"compressor (112, 113) provided in front of the" 
changed to "compressor may be provided in front 
ofthe" 


393-394 


Change 


"beam compressor (1 10,... laser beams output from" 
changed to "beam compressor, and... laser beams 
output from" 


395-396 


Change 


"beam compressor (1 10,... with shortened intervals" 
changed to "beam compressor converted... with 
shortened intervals" 


397 


Deletion 


plurality of rows; 


398 


Deletion 


[00791 a 


399 


Change 


"fourth condenser" changed to ". A fourth 
condenser" 


400-401 


Change 


"fourth condenser (60) for... the beams output from" 
changed to "fourth condenser may be... the beams 
output from" 


402-403 


Change 


"beam compressor (113) and making the beam" 
changed to "beam compressor, and making the 
beam" 


404 


Deletion 


second direction; and 


405 


Deletion 


[00801 a 


406 


Change 


"third condenser" changed to ". Further, a third 







condenser" 


407-408 


Chanae 


"third condenser (70) for condensing the" changed 
to "third condenser may be... for condensing the" 


409 


Deletion 


fourth condenser (60). 


410 


Deletion 


[0081] [121 A... device provided with: 


411 


Deletion 


[0082] one of a laser diode stack array provided 


412 


Insertion 




H I 0~H 1 H 


vi lal iy tJ 


"with a plurality" changed to "[0036] A still 
further... with a plurality" 


415-416 


Change 


"of rows and emitting a... laser beams having laser" 
changed to "of rows and emitting a... laser beams 
having laser" 


417 


Deletion 


two-dimensional array and... in a plurality of rows; 


418 


Deletion 


[0083] a first condenser (20) provided in 


419 


HhanriP 
vi id 1 1 y c 


"front of the" changed to ". A first condenser 
may... provided in front of the" 


420 


Deletion 


stack array and bending... to the first direction; 


421 


Deletion 


[0084] a first beam converter (30) provided in 


422 


Change 


"front of the" changed to and adapted for 
bending... provided in front of the" 


423-424 


Change 


"first condenser (20),... beams collimated in" 
changed to "first condenser, and... beams 
collimated in" 


425-426 


V-/ 1 ioi lyc 


"direction, rotating the... ladder rung" changed to 
"direction, and emitting . . . ladder rung" 


427 


Deletion 


first direction using the... of laser beams as units; 


428 


Deletion 


[0085] a second condenser (80) provided in 


42Q 


wl lal iy ti 


"front of the" changed to "for every row. A 
second... provided in front of the" 


430-431 


Change 


"beam converter (30) and... laser beams output 
from" changed to "beam converter, and... laser 
beams output from" 


432 


Deletion 


beam converter (30) in a... direction for every row; 


433 


Deletion 


[0086] a first beam... the group of laser beams 


434 


Insertion 


(30) in a second... direction for every row. 




oi idi iy t; 


"output from" changed to "[0037] The laser 
device... laser beams output from" 


437-438 


Change 


"second condenser (80) and" changed to "second 
condenser, and" 


439-440 


ioi i y v> 


"and emitting it converted into" changed to "and 
emitting the beams converted into" 


441-442 


Change 


"converted into a compressed substantially" 
changed to "converted into a compressed 
substantially" 


443 


Change 


"laser beams extending in" changed to "laser 







beams with... and extending in" 


444 


Deletion 


plurality of rows; 


445 


Deletion 


[0087] a second 


446 


Change 


"beam compressor" changed to ". A second beam 
compressor" 


447-448 


Change 


"compressor (1 12, 1 13) provided in front of the" 
changed to "compressor may be provided in front 
ofthe" 


449-450 


Change 


"beam compressor (1 10,... beams with shortened" 
changed to "beam compressor, and... beams with 
shortened" 


451 


Deletion 


the rows and compressed... the plurality of rows; 


452 


Deletion 


[0088] a fourth condenser... second direction; and 


453 


Deletion 


[0089] a third condenser (70) for 


454 


f^hannp 

v>l 1 CI 1 lUg 


"condensing the" changed to "extending in the 
second... for condensing the" 


455 


Deletion 


laser beams output from... fourth condenser (60). 


456 


Deletion 


[0090] [13] A. . .device provided with: 


457 


Deletion 


[0091] a laser 


458 


Insertion 




ARO ARC\ 


onange 


"diode stack" changed to "[0038] Another 
exemplary...(i) a laser diode stack" 


Af\0 


onangt? 


"array provided with a plurality of 1 changed to 
"array provided with a plurality of 1 


H , DO" 4 tOt 


^ndngt? 


"extending long in a first direction of changed to 
"extending long in a first direction of 


465-466 


Change 


"laser beams, to be arranged linearly" changed to 
"laser beams, which may be arranged linearly" 


*tO i -*tOO 


L/iiange 


"arranged in a plurality of changed to "arranged 
in a plurality of 1 


469-470 


Change 


"plurality of rows and... laser beams having laser" 
changed to "plurality of rows, and... laser beams 
having laser" 


471 


Deletion 


having laser beam... a two-dimensional array; 


472 


Deletion 


[0092] a first condenser (20) provided in 


HI O 


idi iy 


"front ofthe" changed to "beam elements 
arranged in... provided in front of the" 


474 


Deletion 


stack array and bending... to the first direction; 


475 


Deletion 


[0093] a first beam... the group of laser beams 


47fi 


v^i idi iyt? 


"collimated in" changed to ", and adapted for 
bending... beams collimated in" 


477-478 


Change 


"direction, and emitting... rung configuration" 
changed to "direction, rotating the... rung 
configuration" 


479 


Deletion 


first direction for every row; 



480 


Deletion 


[0094] a second condenser (80) provided in 


481 


Insertion 


using the divided... of laser beams as units; 


482-48^ 


wi leu iy c 


"front of the" changed to "[0039] The laser 
device... provided in front of the" 


484 


Deletion 


beam converter (30) and... direction for every row; 


485 


Deletion 


[0095] a first beam... it converted into a 


486 


ul la) iy c 


"compressed substantially" changed to ", so as to 
bend and... compressed substantially" 


487-488 


Change 


"laser beams with... the first direction of changed 
to "laser beams extending in the first direction of 1 


489 


Deletion 


plurality of rows; 


490 


Deletion 


[0096] a second 


491 


Insertion 




492-493 


Change 


"beam compressor" changed to "[0040] The 
exemplary... a second beam compressor" 


494-495 


Change 


"compressor (152, 153) provided in front of the" 
changed to "compressor provided in front of the" 


496-497 


Change 


"beam compressor (150,. ..into a compressed group" 
changed to "beam compressor, and... into a 
compressed group" 




onange 


"laser beams with shortened intervals of changed 
to "laser beams with shortened intervals of 1 


500-501 


Change 


"of the rows and extending... the second direction 
of changed to "of the rows and extending... the 
second direction of 1 


502 


Deletion 


plurality of rows; 


503 


Deletion 


[0097] an angle changer.. .(150, 151) and 




V./I idi lyts 


"changing the" changed to ". An angle changer 
may... and changing the" 


505 


Deletion 


axis angles; and 


506 


Deletion 


[0098] a third condenser (70) for 


507 


vi icn iy c 


"condensing the" changed to ". Further, a 
third... for condensing the" 


508 


Deletion 


laser beams. 


509 


Deletion 


[0099] [14] A.. .device provided with: 


510 


Deletion 


[0100] one of a laser... in a plurality of rows; 


511 


Deletion 


[0101] a first condenser... to the first direction; 


512 


Deletion 


[0102] a first beam... of laser beams as units; 


513 


Deletion 


[0103] a second condenser... direction for every 
row; 


514 


Deletion 


[0104] a first beam... the plurality of rows; 


515 


Deletion 


[0105] a second beam... the plurality of rows; 


516 


Deletion 


[0106] an angle changer... optical axis angles; and 


517 


Deletion 


[0107] a third condenser... group of laser beams. 



518 


Deletion 


[0108] [15] A.. .second beam compressor. 


519 


Insertion 






v^l Idl lyt? 


"a second beam" changed to "[0109] [16] 
A... addition, a second beam" 






"beam converter (50) provided between" changed 
to "beam converter may be provided between" 


^94 


vi idi ly c 


"compressor, receiving the" changed to 
"compressor, which is capable of receiving the" 


525-526 




"result emitting it converted to" changed to "result 
emitting the beams converted to" 


527 


Insertion 


second direction.... the same object. 


528 


Deletion 


[0110] [17] A.. .further provided with: 


529 


Deletion 


[0111] a second beam... the second direction and 


530 


Deletion 


[0112] an angle changer... the same object. 


R^9 


oriarige 


"a fifth condenser" changed to "[0113] [18] A.. .a 
fifth condenser" 


COO co^ 


uriange 


"fifth condenser (154) provided between" changed 
to "fifth condenser may be provided between" 




01 lai i \J c 


"converter, receiving the" changed to "converter, 
which is capable of receiving the" 


536-537 


Change 


"and emitting it bending and" changed to "and 
emitting the beams, and bending and" 


538 


Insertion 


of each row. The fifth... be a cylindrical lens. 


539 


Deletion 


[01 14] [19] A... is a cylindrical lens. 


540 


Insertion 


[0115] [20] A... provided with a shifter 


541-542 


Change 


"provided between the... the second condenser and" 
changed to "In addition, a shifter... the second 
condenser and" 


543-544 


Change 


"and shifting in parallel... direction for each row." 
changed to "and shifting in parallel... of 
cylindrical lenses." 


545 


Deletion 


[0116] [21] A... direction for each row. 


546 


Deletion 


[0117] [22] A... of cylindrical lenses. 


547 


Deletion 


[01 18] [23] A.. .device provided with: 


D4o-04y 


onange 


"a laser diode" changed to "[0119] A 
further... include a laser diode" 




01 idi iy t; 


"laser beams, to be arranged linearly" changed to 
"laser beams, capable of being arranged linearly" 




vi idi iuc 


"two-dimensional array;" changed to "two- 
dimensional array. A... in the second direction." 


554 


Deletion 


[0120] a first condenser... to the first direction; 


555 


Deletion 


[0121] a second beam... in the second direction; 


556-557 


Change 


"a first beam" changed to "[0122] This 
exemplary... include a first beam" 


558 


Change 


"beam converter (50) provided in" changed to 







"beam converter provided in" 




idi iyc 


"beam compressor (112, 113)," changed to "beam 
compressor," 


560 


Hhannp 


", dividing the" changed to ", configured for 
dividing the" 


561-562 


Chanae 


"beams as units;" changed to "beams as units. A 
first.. .group of laser beams." 


563 


Deletion 


[01 23] a first beam. . .in the first direction; 


564 


Deletion 


[0124] a second condenser... second direction; and 


565 


Deletion 


[0125] a third condenser... group of laser beams. 


566 


Deletion 


[0126] [24] A.. .device provided with: 


567-568 


Change 


"a laser diode" changed to "[0127] one ofStill 
a...(i) a laser diode" 


569 


Change 


"laser beams, to be arranged" changed to "laser 
beams, adapted to be arranged" 


570-571 


Change 


"two-dimensional array and a laser diode" 
changed to "two-dimensional array, or (ii) a laser 
diode" 




Phanno 
V-/I la I iy c 


"laser beams, to be arranged" changed to "laser 
beams, adapted be arranged" 


574-57*5 


vi ioi iyc 


"plurality of rows;" changed to "plurality of rows. 
A... to the first direction;" 


576 


Deletion 


[0128] a first condenser... to the first direction; 


577 


Deletion 


[0129] a second beam... in the second direction; 




idi iy t? 


"provided in" changed to "[0130] a first 
beam... may be provided in" 


\jO\J 


idi iy c 


"beam compressor (112, 113)," changed to "beam 
compressor," 


581 


Change 


", dividing the" changed to ", capable of dividing 
the" 


582-583 


Change 


"beams as units;" changed to "beams as units. A 
first... in the first direction." 


584 


Deletion 


[0131] a first beam. ..in the first direction; 


OOO-OOD 


ondnye 


"a second condenser" changed to "[0132] The 
exemplary... a second condenser" 




onange 


"second condenser (60) provided in" changed to 
"second condenser provided in" 


ooo-ooy 


onange 


"beam compressor (110, 1 1 1) and" changed to 
"beam compressor, and" 


590 

\s Vy 


Chanae 


"and making the" changed to "and adapted for 
making the" 


591-592 


Change 


"second direction; and" changed to "second 
direction. A third. . .group of laser beams." ' 


593 


Deletion 


[0133] a third condenser... group of laser beams. 


594-595 


Change 


"a fifth condenser" changed to "[0134] [25] A.. .a 







fifth condenser" 




or laiiyt? 


"fifth condenser (155) provided between" changed 
to "fifth condenser may be provided between" 


\Js3\J 


Hhflnnp 


"beam converter, receiving a" changed to "beam 
converter, which is adapted for receiving a" 


599 


Chanae 


"second direction." changed to "second direction. 
The. . .type reflection mirror." , 


600 


Deletion 


[0135] [261 A.. .is a cylindrical lens. 


601 


Deletion 


[0136] [27] A.. .the same object. j 


602 


Deletion 


[0137] [28] A.. .array of wedge prisms. j 


603 


Deletion 


[0138] [29] A... of cylindrical lenses. 


604 


Deletion 


[0139] [30] A.. .type reflection mirror. 


605 


Deletion 


[0140] [31] A...anamorphic prism pair. 


606 


Deletion 


[0141] [32] A... two-dimensional lenses. 


607 


Deletion 


[0142] [33] A... parabolic mirror. 


608 


Deletion 


[0143] [34] A... of cylindrical lenses. 


DUy-D I VJ 


ho nriQ 

ondncjc 


"provided" changed to "[0144] [35] A.. .adjuster 
may be provided" 


0 I I 


onange 


"provided, in front of 1 changed to "provided in 
front of 1 






"condenser, with an angle adjuster" changed to 
"condenser, the angle adjuster" 


614 


Chanae 


"angle adjuster for finely" changed to "angle 
adjuster being adapted for finely" 


615 


Insertion 


second direction. The... least one wedge plate. 


616 


Deletion 


[0145] [36] A.. .least one wedge plate. 


617 


Deletion 


[0146] [37] A.. .each provided with: 


618 


Deletion 


[0147] a receiving part. ..axes as first axes, 


619 


Deletion 


[0148] an optical system... right angles, and 


620 


Deletion 


[0149] an emission part... the optical system, 






"" changed to "[0150] theEach of the., .axes as 
first axes," 


623 


Change 


"" changed to "an optical system for.. .right angles, 
and" 


624 


Change 


"optical elements" changed to "an emission part 
for... The optical elements" 


625 


Deletion 


[0151] [38] A.. .to the horizontal plane. 


coc cot 


onange 


"a prism comprised" changed to "[0152] 
[39] A... may be a prism comprised" 


628-629 


Change 


"optical glass" changed to "[0153] [40] A.. .of 
anAn optical glass" 


630-631 


Change 


"glass member having parallel first" changed to 
"glass member may be... have parallel first" 


632-633 


Change 


"extend of 60°, formed continuously" changed to 







"extend of 60°. The... be formed continuously" 


634 


Change 


"reflecting face," changed to "reflecting face. In 
addition or alternatively," 


635 


Change 


", and a one-dimensional" changed to ", a one- 
dimensional" 


636 


Change 


"one-dimensional array comprised of changed to 
"one-dimensional array may... which is comprised 
of 1 


DO f ■DOO 


L/l Idi iy c 


"mirror structure" changed to "[0154] [41] A.. .of 
aA mirror structure" 


Doc? 


onange 


"mirror structure having a first" changed to 
"mirror structure may also... provided having a first" 


0*f U-u*f I 


onange 


"extend of 60°, formed continuously" changed to 
"extend of 60°. The... be formed continuously" 


642 


Change 


"reflecting face," changed to "reflecting face. 
Alternatively or in addition," 




Ul ldl lytr 


", and a one-dimensional" changed to ", a one- 
dimensional" 


644 


Change 


"one-dimensional array comprised of changed to 
"one-dimensional array may... which is comprised 
of 


645 


Deletion 


[0155] [42] A... predetermined distance. 




P.hannp 
ui idi iy c 


"comprised of changed to "[0156] [43] 
A... may also be comprised of 


648 


Insertion 


predetermined distance.... incidence side lenses. 


649 


Deletion 


[0157] [44] A.. .incidence side lenses. 




vi idi iy t? 


"optical element" changed to "[0158] [45] 
A...theThe optical element" 


652-653 


Change 


"optical element is a cylindrical" changed to 
"optical element may also be a cylindrical" 


654 


Insertion 


optical axis. The beam... incidence side lenses. 


655 


Deletion 


[0159] [46] A... incidence optical axis. 


656 


Deletion 


[0160] [47] A... incidence side lenses. 


RC7 ceo 


V./I idi iyt? 


"beam converter" changed to "[0161] [48] 
A...theThe beam converter" 




wi idi iy c 


"beam converter is comprised of changed to 
"beam converter may be comprised of 1 


661 


Change 


"cross-section." changed to "cross-section. In 
the... 90° in cross-section." 


662 


Deletion 


[0162] [49] A.. .90° in cross-section. 


663 


Deletion 


[0163] [50] A.. .inclined by about 45°. 


664 


Deletion 


[0164] [51] A.. .axes inclined about 45°. 


665-666 


Change 


"comprised of," changed to "[0165] [52] 
A... also be comprised of," 


667 


Deletion 


[0166] [53] A... to a horizontal plane. 



668 


Deletion 


[0167] [54] A... to a horizontal plane. 


669-670 


Chanae 


"comprised of changed to "[0168] [55] 
A... may also be comprised of 1 


671 


Deletion 


[0169] [56] A. ..front of the condensers. 


672 


Deletion 


[0170] [57] A... after the condenser. 


673-674 


Oh^nnp 

v./ 1 icii lyc 


"least three" changed to "[0171] [58] A.. .At 
least three" 


675 


Chanae 


"stack arrays provided with" changed to "stack 
arrays may be provided with" 


676 


Insertion 


the condenser. The... a dichroic mirror. 


677 


Deletion 


[0172] [59] A.. .a polarization element. 


678 


Deletion 


[0173] [60] A... laser diode stack array. 


679 


Deletion 


[0174] [61] A... laser diode stack array. 


680 


Deletion 


[0175] [62] A... laser diode stack array. 


681 


Deletion 


[0176] [63] A... is a dichroic mirror. 


682 


Deletion 


[0177] [64] A.. .of the third condenser. 


683 


Deletion 


[0178] [65] A...a rare earth element. 


684 


Deletion 


[0 1 79] [66] A. . .of the third condenser. 1 


685-686 


Channp 

Wl ICII 1 M 


"an optical" changed to "[0180] [67] 
A... may include an optical" 


687 


P.hflnnp 
w i lai iyo 


"set forth in [64] so as to converge" changed to 
"set forth in so as to converge" 


688 


Insertion 


focal point. The optical. . .a rare earth element. 


689 


Deletion 


[0181] [68] A... a rare earth element. 


OC7U 




[0182] The semiconductor... or medical 
applications. 




PhanriP 
v/l lai iy c 


"" changed to "[0183] The semiconductor... or 
medical applications." 




Vyi lai iye 


"laser device using a beam converter" changed to 
"laser device may use a beam converter" 




v^ncinye 


"beam converter of the present" changed to "beam 
converter of an... of the present" 




vi icii iy c 


"[0184] Further, the... semiconductor lasers" 
changed to "" 


697 


Change 


"and obtain" changed to "Further, the... lasers, and 
obtain" 


698 


Change 


"FIG. 1 is a" changed to "[01851 FIG. 1 is a" 


699 


Change 


"FIG. 2 is a" changed to "[01861 FIG. 2 is a" 


700 


Change 


"FIG. 3 is a" changed to "[01871 FIG. 3 is a" 


701 


Change 


"lens with a focal length" changed to "lens with a 
particular focal length" 


702 


Change 


"focal length f." changed to "focal length." 


703 


Change 


"FIG. 4 is a" changed to "[01881 FIG. 4 is a" 


704 


Change 


"FIG. 5 is a" changed to "[01891 FIG. 5 is a" 



705 


Chanae 


"imaginary object 0 placed on the" changed to 
"imaginary object placed on the" 


706 


Change 


"FIG. 6 is a" changed to "r01901 FIG. 6 is a" 


707 


Change 


"FIG. 7 is a" changed to "[01911 FIG. 7 is a" 


708 


Change 


"view of an embodiment of 1 changed to "view of 
an exemplary embodiment of 


709-710 


vl 1 CI 1 iy w 


"laser device of the present" changed to "laser 
device according to the present" 


711 


Change 


"FIG. 8 is an" changed to "1*01921 FIG. 8 is an" 


712-713 


Channp 


"elevation view of a semiconductor" changed to 
"elevation view of an exemplary semiconductor" 


714 


Change 


"FIG. 9 is a" changed to "[01931 FIG. 9 is a" 


715-716 


f^hannp 

wi igi iy 


"plan view of a semiconductor" changed to "plan 
view of an exemplary semiconductor" 


717 


Change 


"FIG. 10 is an" changed to "[0194] FIG. 10 is an" 


718 


Change 


"FIG. 1 1 is a" changed to "[01951 FIG. 1 1 is a" 


71Q-790 


V-/I icu iy t? 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 


721-722 


Channp 


"laser device of the present" changed to "laser 
device according to the present" 


723-724 


Ohannp 

V-/ 1 ICII IUC> 


"present invention using transparent" changed to 
"present invention that uses transparent" 


725 


Change 


"FIG. 12 is an" changed to "[01961 FIG. 12 is an" 


726 


Change 


"FIG. 13 is a" changed to "[01971 FIG. 13 is a" 


727-728 


i idi iy c> 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 


729-730 


Hhflnnp 

Vm/ 1 lUl 


"laser device of the present" changed to "laser 
device according to the present" 


731 


Change 


"FIG. 14 is an" changed to "[01981 FIG. 14 is an" 


732 


Change 


"FIG. 15 is a" changed to "[01991 FIG. 15 is a" 


/ OO'i ot 


oi idi iy t? 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 


735-736 


Change 


"laser device of the present" changed to "laser 
device according to the present" 


737-738 


f^honrip 
vi icii iyc 


"present invention using a cylindrical" changed to 
"present invention that uses a cylindrical" 


739 


Change 


"FIG. 16 is an" changed to 'T02001 FIG. 16 is an" 


740-741 


Change 


"shown in FIG. 15" changed to "shown in 
FIG. 15." 


742 


Change 


"FIG. 17 is a" changed to "[02011 FIG. 17 is a" 


743-744 


Change 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 


745-746 


Change 


"laser device of the present" changed to "laser 
device according to the present" 


747 


Change 


"FIG. 18 is an" changed to "[02021 FIG. 18 is an" 



1A9K 


ldi iy fci 


"FIGS. 19A to" changed to "[0203] FIGS. 19A 
to" 


749-750 


Change 


"19C are views for explaining the state of 1 
changed to "19C are views illustrating the state 
of 1 


751 


Change 


"FIG. 20 is a" changed to "[0204] FIG. 20 is a" 


1 1 \J\J 


v^i ldi iy t? 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 


754-755 


Change 


"laser device of the present" changed to "laser 
device according to the present" 


756 


Change 


"FIG. 21 is an" changed to "r02051 FIG. 21 is an" 


757 


Change 


"FIG. 22 is a" changed to "[02061 FIG. 22 is a" 


758-759 


Change 


"a side view for explaining a semiconductor" 
changed to "a side view illustrating the 
semiconductor" 


760 


Change 


"FIG. 23 is a" changed to "[0207] FIG. 23 is a" 


761-762 


Change 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 


1 CO"! DM- 


oriange 


"laser device of the present" changed to "laser 
device according to the present" 


765-766 


Change 


"present invention using two one-dimensional" 
changed to "present invention that uses two one- 
dimensional" 


767 


Change 


"FIG. 24 is a" changed to "[0208] FIG. 24 is a" 


768-769 


Change 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 


770 771 
I fyj-f 1 I 


onange 


"laser device of the present" changed to "laser 
device according to the present" 


772-773 


Change 


"present invention using two one-dimensional" 
changed to "present invention that uses two one- 
dimensional" 


774 


Change 


"FIG. 25 is an" changed to "[0209] FIG. 25 is an" 


775 


Change 


"FIGS. 26A and" changed to "[0210] FIGS. 26A 
and" 


776 


Change 


"FIG. 27 is a" changed to "[02111 FIG. 27 is a" 


777 77ft 


onange 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 


779-780 


Change 


"laser device of the present" changed to "laser 
device according to the present" 


781-782 


Chanae 


"present invention using a telescope" changed to 
"present invention that uses a telescope" 


783 


Change 


"FIG. 28 is an" changed to "[0212] FIG. 28 is an" 


784 


Change 


"FIGS. 29A and" changed to "[0213] FIGS. 29A 
and" 


785 


Change 


"FIG. 30 is a" changed to 102141 FIG. 30 is a" 



786 


Change 


"FIG. 31 is a" changed to "[02151 FIG. 31 is a" 


787 


Change 


"FIG. 32 is a" changed to "[02161 FIG. 32 is a" 




V-/I idi iy c 


"is a view of a semiconductor" changed to "is a 
view of an exemplary... of the semiconductor" 


790-791 


Chanae 

V-/ 1 lul IMv 


"laser device arranging a cylindrical" changed to 
"laser device according to... provides a cylindrical" 


792 


Chanae 

>*«/ 1 Id 1 lug 


"cylindrical lens (fifth condenser)" changed to 
"cylindrical lens (e.g., a fifth condenser)" 


793 


Change 


"FIG. 33 is a" changed to "[02171 FIG. 33 is a" 


794 


Change 


"FIG. 34 is a" changed to "[02181 FIG. 34 is a" 




oi icti iy " 


"of another semiconductor" changed to "of 
another exemplary... of the semiconductor" 


796-797 


Change 


"laser device arranging a cylindrical" changed to 
"laser device providing the cylindrical" 


798 


Hhannp 

v> 1 1 CI 1 1 M ^ 


"cylindrical lens (fifth condenser)" changed to 
"cylindrical lens (e.g., the fifth condenser)" 


799 


Change 


"FIG. 35 is a" changed to "[02191 FIG. 35 is a" 


800-801 


Change 


"35 is a view for explaining an optical" changed 
to "35 is a view illustrating an optical" 


802 


Change 


"FIG. 36 is a" changed to "[02201 FIG. 36 is a" 


ouo 


wi Idliyt; 


"FIGS. 37A and" changed to "[0221] FIGS. 37A 
and" 


804-805 


Change 


"37B are views for explaining the action of the" 
changed to "37B are views illustrating an action 
of the" 


806 


Change 


"FIG. 38 is a" changed to "[02221 FIG. 38 is a" 


807 


Change 


"FIG. 39 is a" changed to "[02231 FIG. 39 is a" 


ouo 


vl lal iy tJ 


"of another semiconductor" changed to "of 
another exemplary... of the semiconductor" 


809-810 


Change 


"laser device arranging a cylindrical" changed to 
"laser device providing the cylindrical" 1 


811 


Change 


"cylindrical lens (fifth condenser)" changed to 
"cylindrical lens (e.g., the fifth condenser)" 


812 


Change 


"FIG. 40 is a" changed to "[02241 FIG. 40 is a" 


0 1 O-O 1 H 




"perspective view of a semiconductor" changed to 
"perspective view of an... of the semiconductor" 


0 I O-O I D 


onange 


"laser device of the present" changed to "laser 
device according to the present" 


R1 7-81 ft 


v^i id i iy t? 


"present invention using segment type" changed 
to "present invention that uses segment type" 


819-820 


Change 


"mirrors as the means for changing" changed to 
"mirrors as a way for changing" 


821 


Change 


"FIG. 41 is a" changed to "[02251 FIG. 41 is a" 


822 


Change 


"FIG. 42 is a" changed to "[02261 FIG. 42 is a" 


823 


Change 


"FIG. 43 is a" changed to "f02271 FIG. 43 is a" 





V-/I idi iy t? 


"laser device of the present" changed to "laser 
device according to... of the present" 


825 


Change 


"FIG. 44 is a" changed to "[02281 FIG. 44 is a" 


826 


Change 


"FIG. 45 is a" changed to "[02291 FIG. 45 is a" 




onange 


"plan view of a semiconductor" changed to "plan 
view of an exemplary... of the semiconductor" 




Ul lal iy fc? 


"laser device of the present" changed to "laser 
device according to the present" 




of lai iy t; 


"present invention using an optical" changed to 
"present invention that uses an optical" 


833 


Change 


"FIG. 46 is a" changed to "[02301 FIG. 46 is a" 


834 


Change 


"FIG. 47 is a" changed to 702311 FIG. 47 is a" 


air 


onange 


"laser device of the present" changed to "laser 
device according to... of the present" 


836 


Change 


"FIG. 48 is a" changed to "[02321 FIG. 48 is a" 


837-838 


Change 


"elevation view for explaining an optical fiber" 
changed to "elevation view illustrating the optical 
fiber" 


839 


Change 


"FIG. 49 is a" changed to "[02331 FIG. 49 is a" 


840-841 


Change 


"schematic plan view for... the semiconductor" 
changed to "schematic plan view... the 
semiconductor" 


842 


Change 


"FIG. 50 is a" changed to "[02341 FIG. 50 is a" ! 


843-844 


Change 


"elevation view for explaining the semiconductor" 
changed to "elevation view illustrating the 
semiconductor" 


845 


Change 


"FIG. 51 is a" changed to "[02351 FIG. 51 is a" 


846-847 


Change 


"schematic view for explaining a first beam" 
changed to "schematic view illustrating a first 
beam" 




onange 


"beam converter of the present" changed to "beam 
converter according... of the present" 


849 


Change 


"FIG. 52 is a" changed to "[02361 FIG. 52 is a" j 


850-851 


Change 


"52 is a view for explaining the principle of 1 
changed to "52 is a view illustrating a principle 
of 


852 


Change 


"FIG. 53 is a" changed to "[02371 FIG. 53 is a" 


853 


Change 


"FIG. 54 is a" changed to "[02381 FIG. 54 is a" 


854 


Change 


"FIG. 55 is a" changed to "[02391 FIG. 55 is a" 


855 


Change 


"FIG. 56 is a" changed to "[02401 FIG. 56 is a" 


856 


Change 


"FIG. 57 is a" changed to "[02411 FIG. 57 is a" 


857 


Change 


"FIG. 58 is a" changed to "[02421 FIG. 58 is a" 


858 


Change 


"FIG. 59 is a" changed to "[02431 FIG. 59 is a" 


859 


Change 


"FIG. 60 is a" changed to "[02441 FIG. 60 is a" 


860 


Change 


"FIG. 61 is a" changed to "r02451 FIG. 61 is a" 



861 


Change 


"FIG. 62 is a" changed to "[0246] FIG. 62 is a" 


862 


Change 


"FIG. 63 is a" changed to 'T02471 FIG. 63 is a" 


863 


Change 


"FIG. 64 is a" changed to '702481 FIG. 64 is a" 


864 


Change 


"FIG. 65 is a" changed to "r02491 FIG. 65 is a" 


865 


Change 


"FIG. 66 is a" changed to "[02501 FIG. 66 is a" 


866 


Change 


"FIG. 67 is a" changed to 'T02511 FIG. 67 is a" 


867 


Change 


"FIG. 68 is a" changed to "[02521 FIG. 68 is a" 


868 


Change 


"FIG. 69 is a" changed to "[0253] FIG. 69 is a" 


869 


Change 


"FIG. 70 is a" changed to "[0254] FIG. 70 is a" 


870 


Change 


"FIG. 71 is a" changed to "[0255] FIG. 71 is a" 


871 


Change 


"FIG. 72 is a" changed to "[0256] FIG. 72 is a" 


872 


Change 


"FIG. 73 is a" changed to "[02571 FIG. 73 is a" 


873 


Change 


"FIG. 74 is a" changed to "[02581 FIG. 74 is a" 


874 


Change 


"FIG. 75 is a" changed to "[02591 FIG. 75 is a" 


875 


Change 


"FIG. 76 is a" changed to "[02601 FIG. 76 is a" 


876 


Change 


"FIG. 77 is a" changed to "r0261] FIG. 77 is a" 


877 


Change 


"FIG. 78 is a" changed to "[02621 FIG. 78 is a" 


878 


Change 


"FIG. 79 is a" changed to "[0263] FIG. 79 is a" 


879 


Chanae 


"components (escape components)" changed to 
"components (e.g., escape components)" 


880 


Change 


"FIG. 80 is a" changed to "[02641 FIG. 80 is a" 


881 


Change 


"FIG. 81 is a" changed to "[02651 FIG. 81 is a" 


88? 


vi idi lyc 


"FIGS. 82A and" changed to "[0266] FIGS. 82A 
and" 


883 


Change 


"FIGS. 83 A and" changed to "[0267] FIGS. 83A 
and" 


884 


Change 


"FIGS. 84A and" changed to "[0268] FIGS. 84A 
and" 


885 


Change 


"FIG. 85 is a" changed to "[0269] FIG. 85 is a" 


R8R 

OOD 


Phanno 
Lrl Icll ly" 


"DESCRIPTION" changed to "DETAILED 
DESCRIPTION" 


887 


Deletion 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


888-889 


Change 


"that a laser" changed to "[0270] The factlt 
has... herein that a laser" 


890-891 


Change 


"the slow axis was... above. In the present" 
changed to "the slow axis. According... of the 
present" 


892-893 


Change 


"the technique is adopted of rotating the beams by" 
changed to "the technique may be used... rotates 
the beams by" 


894-895 


Change 


"each axis. Due to this, it is possible" changed to 
"each axis. Using such technique, it is possible" 


896 


Change 


"Further, the" changed to "[0271] Further, the" 





vi id i iyc 


"stack array forms a planar light" changed to 
"stack array may form a planar light" 


899 


Change 


"FIG. 3 shows" changed to "[02721 FIG. 3 shows" 


900-901 


Change 


"shown. In this case, all beams" changed to 
"shown. In such case, all beams" 


902 


Deletion 


[0273] On the other hand,... center axis of the lens. 


903-904 


Change 


"" changed to "[0274] On the other hand,... center 
axis of the lens." 


905-906 


Change 


"FIG. 4. For simplification, the case of 1 changed 
to "FIG. 4. For the purpose... simplicity, the case 
of 


Q07-Qnft 

C7Uf-t7VJO 


ondnge 


"using candles. The fact... that beams emitted from" 
changed to "using candles. Beams emitted from" 






"corresponds to the case of FIG. 4." changed to 
"corresponds to the arrangement of FIG. 4." 


CM 1 Q1 9 


onange 


"light intensity can be obtained" changed to "light 
intensity would likely be obtained" 




l-i o r\ 

onange 


"be obtained and it is" changed to "be obtained, 
and it is" 




ondngt? 


"and it is not possible" changed to "and it is likely 
not possible" 


CMC Qifi 


oridi ige 


"beams" changed to "[0275] Regarding 
this. . .regarding beams" 


CM 7 


unange 


"beams emitted from" changed to "beams being 
emitted from" 


y i o 


(~* honno 

onange 


"optical fibers and" changed to "optical fibers, 
and" 


Q1Q-Q90 


Pho nno 

ondnge 


"and disclosed his findings" changed to "and the 
findings" 




Phanno 

ondnge 


"findings in Japanese" changed to "findings 
described in Japanese" 


922 


Change 


"in Japanese Unexamined Patent Publication" 
changed to "in Japanese Patent Publication" 


923 


Change 


"Publication (Kokai) No." changed to 
"Publication No." 


924-925 


Change 


"No. 2001-255491. Its... in the following two" 
changed to "No. 2001-255491, the... The 
following two" 


Q9£ 


onange 


"two methods." changed to "two methods have 
been. . .publication." 


927-928 


Change 


"beams" changed to "[0276] That is, one... giving 
all(i) All beams" 


929 


Change 


"beams predetermined" changed to "beams are 
given predetermined" 


930-931 


Change 


"condensing lens. That is, as shown in" changed 







to "condensing lens. In particular, as shown in" 


932 


Insertion 


of the lens. FIG. 5 shows... angles such as lasers. 


933 


Deletion 


[0277] FIG. 5 shows the... angles such as lasers. 




ul ldl iy t? 


"operation" changed to "[0278] The other... an(ii) 
An operation" 




wi idi iy c 


"operation for reducing" changed to "operation is 
performed for reducing" 


c/O # 


or idi iyc 


"with need, reducing and" changed to "with need, 
and" 


yoo 


or ldiiyti 


"and reforming an image" changed to "and an 
image" 


Q^Q 


ondnye 


"an image so as to form" changed to "an image is 
reduced and reformed so as to form" 




Idi iyc 


"two beams for simplification." changed to "two 
beams for the purpose of simplicity." 


942-943 


Change 


"that combining" changed to "[0279] Notelt 
should be noted that combining" 


944-945 


Change 


"two methods is more effective." changed to "two 
methods can be more effective." 


946 


Change 


"In the case" changed to "[0280] In the case" 




onange 


"of the above Japanese" changed to "of the above- 
identified Japanese" 


948-949 


Change 


"Japanese Unexamined... works effectively." 
changed to "Japanese may work effectively." 


950-951 


Change 


"stack intervals is difficult." changed to "stack 
intervals may be difficult." 


952 


Change 


"Therefore," changed to "[0281] Therefore," 




Ul ldl iyc 


"Therefore, the inventors... studied methods for" 
changed to "Therefore, methods for" 






"in distance. As a result," changed to "in distance 
have been reviewed. As a result," 




v>l ldl lyti 


"As a result, they discovered various" changed to 
"As a result, various" 




v^ndnye 


"various specific methods such" changed to 
"various methods such" 




oiidi iy tJ 


"methods such as introduction" changed to 
"methods such as the introduction" 




oi ldiiyc 


"a compressor." changed to "a compressor have 
been uncovered." 


960 


Deletion 


[0282] Below, the gist of... the attached drawings. 


961 


Deletion 


[0283] FIG. 7 is a plan... diode" are synonymous. 


962-963 


Change 


"The semiconductor" changed to "[0284] FIG. 7 is 
a plan. . . The semiconductor" 


964-965 


Change 


"stack array 10 is comprised of changed to "stack 
array 10 of FIG. 7 may be comprised of 1 i 



you 


wi iai lyc 


"of 10 to 100 (in FIG. 7,.. .six) active layer" 
changed to "of 10 to 100 active layer" 


QR7 
r 


Oildl iy t; 


"laser beams arranged in" changed to "laser beams 
(in FIG. 7,... is six) arranged in" 


C7UO 


Phannp 
\s\ ldl iy t? 


"The cross-section" changed to "[0285] The cross- 
section" 


969-970 


Change 


"(hereinafter called the "slow axis" changed to 
"(hereinafter referred to as a "slow axis" 


971-972 


Phannp 

\yi iai lyC 


"(hereinafter called the "fast axis" changed to 
"(hereinafter referred to as a "fast axis" 


973 


Deletion 


[0286] The active layer... a two-dimensional array. 




v> i iai iy c 


"" changed to "[0287] The active layer... a two- 
dimensional array." 


976 


Deletion 


[0288] The first beam... active layer stripes. 


977-978 


oi icu lyc 


"" changed to "[0289] The first beam... active 
layer stripes." 


979 


Change 


"Since laser" changed to "[0290] Since laser" 




wi idi iy c 


"The second cylindrical" changed to "[0291] The 
second cylindrical" 


981 


Deletion 


[0292] The beam... laser stack array. 


982-983 


Change . 


"" changed to "[0293] The beam... laser stack 
array." 


984 


Change 


"Further, the" changed to "[0294] Further, the" 


C7O0 


ueienon 


[0295] However, the size... the beam compressor 
40. 


986-987 


Change 


"" changed to "[0296] However, the size... the 
beam compressor 40." 


988 


Change 


"[0297] Regarding the slow. ..lens array 80 is 
400" changed to "" 


989-999 


Change 


"m, the image becomes 133... welding of metal." 
changed to "Regarding the slow axis... welding of 
metal." 


1000 


Change 


"If not allowing" changed to "[0298] If not 
allowing" 


1001-1002 


Change 


"from the array will form separate images," 
changed to "from the array forms separate 
images," 


1003-1004 


Change 


"second cylindrical" changed to "[0299] Note that 
theThe second cylindrical" 


1005-1006 

1 UUv 1 Www 


Channp 


"integral. Due to this, there is the" changed to 
"integral. Thus, there is the" 


1007 


Change 


"FIG. 9 is a" changed to "[03001 FIG. 9 is a" 


1008 


Change 


"laser diode (quasi-CW-LD)" changed to "laser 
diode (e.g., a quasi-CW-LD)" 


1009 


Change 


"The first beam" changed to "[0301] The first 







beam" 


1010-1011 


Change 


"converter 30 is comprised of changed to 
"converter 30 may be comprised of 


1012 


Change 


"lens 70 are the same as" changed to "lens 70 are 
substantially the same as" 


1013-1014 


Change 


"same as those explained in FIG. 7 and" changed 
to "same as those described... reference to FIG. 7 
and" 


1015 


Channp 


"When using laser" changed to "[0302] When 
using laser" 


1016 


Change 


"[0303]" changed to "" 


1017-1018 


Change 


"mode instead groups a suitable" changed to 
"mode instead can group a suitable" 


1019 


Change 


"FIG. 11 is a" changed to "[03041 FIG. 11 is a" 


1090 


wl Idi iy c 


"of another embodiment of changed to "of 
another exemplary embodiment of 


1091-1099 


wi idi iy c 


"laser device of the present" changed to "laser 
device according to the present" 


109^-1094 


ui idi iy t? 


"invention, while FIG. 12 is" changed to 
"invention, and FIG. 12 is" 


1025 




"The transparent" changed to "[0305] The 
transparent" 


1026 


nhannp 


"40 integral." changed to "40 integral. 
Accordingly,... substantially no breaks." 


1027 


Deletion 


[0306] Due to this, there... substantially no breaks. 


1028 


Change 


"Further, if changed to "[0307] Further, if 


1029 


Change 


"the present embodiment can" changed to "the 
present exemplary embodiment can" 


1030 


Change 


"FIG. 15 is a" changed to 'T0308] FIG. 15 is a" 


1011 


\s\ Idi iy t? 


"of another embodiment of changed to "of 
another exemplary embodiment of 


1019 


vi icti iy t? 


"view. The point of difference from" changed to 
"view. The difference from" 


ion 


P.hannp 
V-/I idi lyc 


"lens array 80 handles only" changed to "lens 
array 80 likely handles only" 


1034 


Change 


"The cylindrical" changed to "[0309] The 
cylindrical" 


1035 


Insertion 


40 integral. Further, the... substantially no breaks. 


1036 


Deletion 


[0310] Further, the... substantially no breaks. 


1037 


Change 


"FIG. 17 is a" changed to "[03111 FIG. 17 is a" 


1038 


Change 


"of another embodiment of changed to "of 
another exemplary embodiment of 


1039-1040 


Change 


"laser device of the present" changed to "laser 
device according to the present" 


1041-1042 


Change 


"invention, while FIG. 18 is" changed to 







"invention, and FIG. 18 is" 




oriange 


"view. The point of difference from" changed to 
"view. The difference from" 


1044 


Change 


"[0312] The slow axis... the center axes are" 
changed to "" 


I UH-0 


L/iiange 


"parallel." changed to "The slow axis 
components. . .approximately parallel." 


1046 


Change 


"Therefore, if 1 changed to 703 131 Therefore, if 


1047-1048 


Change 


"condensing lens, strictly... in FIG. 4, discrete" 
changed to "condensing lens, as... to FIG. 4, 
discrete" 


i u^-y- 1 uou 


onange 


"discrete images are formed." changed to "discrete 
images can be formed." 


I UO I - I uoz 


onange 


"formed. That is, after the" changed to "formed. 
For example, after the" 


1 uoo 


unange 


"lens array 80, more... thought that the object" 
changed to "lens array 80, the object" 




Phonno 
Idl lyt? 


"the object moves to a position" changed to "the 
object canbe thought... as moving to a position" 


1 UJU" 1 UJ f 


Phanno 
ul Idl iy t; 


"appear superposed almost completely." changed 
to "appear superposed, e.g., ...single peak type." 


1058 


Deletion 


[0314] The same applies... single peak type. 


1059 


Change 


"In this" changed to "[0315] In this" 


I UOU- I UD I 


onange 


"In this way, at the image-forming" changed to "In 
this manner, at the image-forming" 


1062 


Change 


"FIGS. 19A to" changed to "[03161 FIGS. 19A to" 


1063-1064 


Change 


"illustrate the above explanation in a manner" 
changed to "illustrate the above description in a 
manner" 


I UDO 


onange 


"and FIG. 18. FIG. 19 A" changed to "and 
FIG. 18. The illustration of FIG. 19A" 


1066-1067 


Change 


"FIG. 19A looks at the output" changed to 
"FIG. 19A shows the output" 


1 UOo-1 uoy 


unange 


"front. For simplification, part is taken" changed 
to "front. For the purpose... a part is taken" 


1070 


Insertion 


[0317] 


1071-1072 


Change 


"FIG. 19B shows the cross... figures will be" 
changed to "FIG. 19B shows the cross... For 
example, it may be" j 


1073-1077 


Change 


"be given to explain the... components is 200 m." 
changed to "be assumed that the... axis 
components is 200" 


1078 


Deletion 


[0318] If the focal... of a size of about 1 


1079-1088 


Change 


"m 30/0.3 = 100 m in the... stack array is obtained." 
changed to "m. If the focal length fl... and about 







200 m" 


1089 


Deletion 


[03191 




Phanno 

idi iyt? 


changed to "30/4.5 = 1.3 mm in the.. .stack 
array is obtained." 


1HQ1 10Q9 


Ul Idi lyts 


"practice, there is mounting error" changed to 
"practice, there may be a mounting error" 






"mounting error etc." changed to "mounting error, 
etc." 


1094 


Change 


"The present embodiment" changed to "The 
present exemplary embodiment" 


1095 


Change 


"embodiment can also be" changed to 
"embodiment of the present invention can also be" 


1096 


Change 


"FIG. 20 is a" changed to "[03201 FIG. 20 is a" 


10Q7 


vyi idi iy t? 


"of another embodiment of changed to "of 
another exemplary embodiment of 1 


10Qft 10QQ 


v^ridnge 


"laser device of the present" changed to "laser 
device according to the present" 


I I UU- I I U I 


onange 


"invention, while FIG. 21 is" changed to 
"invention, and FIG. 21 is" 


1 1 no 


unange 


"elevation view. The present" changed to 
"elevation view thereof. The present" 


I l uo 


ondnge 


"The present embodiment" changed to "The 
present exemplary embodiment" 




Phonno 

onange 


"embodiment further" changed to "embodiment 
can further" 


1 10S-1 10fi 


ui idi iyc 


"further reduces the image from" changed to 
"further reduce the image from" 


1 107-1108 


nhannp 

vi icii iyc 


"condenser 70 is provided after" changed to 
"condenser 70 may be provided after" 


1109 


Insertion 


condenser 71. A further... substantially no breaks. 


1110 


Deletion 


[0321] A further higher... substantially no breaks. 


1111 


Deletion 


[0322] FIG. 22 is a side... the condensing lens 70. 


1112 


Deletion 


[0323] As the optical... from a common object. 


I I I I I I *r 


onange 


"" changed to "[0324] FIG. 22 is a side... the 
condensing lens 70." 


1 1 1 R 
I 1 1 0 


Idl lye 


"" changed to "As the optical axis angle... from a 
common object." 


I I ID 




"changing function." changed to "changing 
function. The. . .substantially no breaks." 


1117 


Deletion 


[0325] The present... substantially no breaks. 


1118 


Change 


"FIG. 23 is a" changed to "[03261 FIG. 23 is a" 


1119 


Change 


"perspective view of another" changed to 
"perspective view of still another" 


1120 


Change 


"another embodiment of" changed to "another 
exemplary embodiment of 



1121-1122 


Change 


"laser device of the present" changed to "laser 
device according to the present" 


1123 


Change 


"The present embodiment uses" changed to "The 
present exemplary embodiment uses" 


1124-1125 


Change 


"embodiment uses as the means for reducing" 
changed to "embodiment uses as an arrangement 
for reducing" 


1126 


vl 1 CI 1 IUC 


"mirrors. For this, four cylindrical" changed to 
"mirrors. For this purpose, four cylindrical" 


1 127 




"separated." changed to "separated. The 
first... compression telescope." 


1128 


Insertion 


The telescopes may be the... substantially no breaks. 


1129 


Deletion 


[0327] The first... compression telescope. 


1 130 


L/OIOUVJI 1 


[0328] The telescopes may... lens 60 maybe 
provided. 


1131 


Deletion 


[0329] The present... substantially no breaks. 


1132 


Change 


"FIG. 24 is a" changed to "[0330] FIG. 24 is a" 


1133 


Change 


"telescopes in the embodiment shown" changed to 
"telescopes in the exemplary embodiment shown" 


1134 


Change 


"in FIG. 23 ones using cylindrical" changed to "in 
FIG. 23 using cylindrical" 


1135-1136 


Change 


"cylindrical lenses, in particular using a Kepler" 
changed to "cylindrical lenses, and... example 
using a Kepler" 


1137 


Chanae 


"are used." changed to "are used. FIG. 25 is 
an.. .from a common object." 


1138 


Insertion 


As a result, at the... substantially no breaks. 


1139 


Deletion 


[0331] FIG. 25 is an... from a common object. 


1140 


Deletion 


[0332] As a result, at... 70 can be made small. 


1141 


Deletion 


[0333] The effect of this... angle changing function. 


1142 


Deletion 


[0334] The present... substantially no breaks. 


1143 


Deletion 


[0335] FIG. 27 is a plan... object is formed there. 


1144-1145 


Change 


"" changed to "[0336] FIG. 27 is a plan... object is 
formed there." 


1146 


Change 


"[0337] In the original... single beam is about 
20" changed to "" 


1147-1153 


Change 


"m, so the overall images... array direction." 
changed to "In the original array... array 
direction." 


1154 


Dplption 


[0338] Two-dimensionally,... stripes each are 
shown. 


1155-1156 


Change 


"" changed to "[0339] Two- 
dimensionally,... stripes each are shown." 


1157 


Deletion 


[0340] On the other hand,... at intervals of about 44 


1158-1166 


Change 


"m in a total width of... in the stack direction." 







changed to "For the stack direction... in the stack 
direction." 


I I O f - I I oo 


onange 


", however, even" changed to "[0341] If making 
this... achieved, however, even" 


1 1fiQ 


oi idi iyc 


"processing, considering the heat transfer" 
changed to "processing, the heat transfer" 


1170 

II 1 u 


V— / 1 IC4I 1 M t» 


"workpiece side, whether or" changed to 
"workpiece side should be considered, whether or" 


1171 


Insertion 


welding of metals. As a... substantially no breaks. 


1172 


Deletion 


[0342] Note that as the... substantially no breaks. 


1173 


Deletion 


[0343] FIG. 30 is a... direction) telescope. 


1174 


Deletion 


[0344] The second beam... fast axis components. 


I I / 0- I I/O 


onange 


"" changed to "[0345] FIG. 30 is a... direction) 
telescope." 


1 1 77 


V* r\ irt r\ 

onange 


"Therefore, together" changed to "The second 
beam converter... Therefore, together" 


1 17ft 1 17Q 


Phonno 

ondngc 


"the example" changed to "[0346] However, inln 
the example" 


1 1ft0 


Phanno 
v>i idi iyo 


"is reduced." changed to "is reduced. Therefore, 
as... (slow axis direction)." 


1 1ft1 

I I O I 


ldl ly t; 


"" changed to "By provision of the fifth.. .the 
ghosts disappear." 


1182 


Deletion 


[0347] Therefore, as... (slow axis direction). 


1183 


Deletion 


[0348] By provision of... the ghosts disappear. 


1 184-1 18^ 


Phannp 
idi iyc 


"of the properties" changed to "[0349] Note that 
oneOne of the properties" 


1186 


Deletion 


[0350] Conversely, the... and the stack direction. 


1187 


Change 


"[0351] The present" changed to "" 


1188 


Change 


"embodiment" changed to "Conversely, the 
beam... exemplary embodiment" 


1189 


Change 


"FIG. 33 is a" changed to "[0352] FIG. 33 is a" 


1 1 on 

I I 


onange 


"of another embodiment of 1 changed to "of 
another exemplary embodiment of 


11Q1 11Q9 

i i y i - 1 i 


onange 


"(120, 121). The figure shows" changed to "(120, 
121). This figure shows" 


1193-1194 


Change 


"figure shows the case of dividing the group of 1 
changed to "figure shows that the group of 1 


1 1QR 
i I yo 


ondiige 


"group of beams into three to" changed to "group 
of beams is divided into three to" 


1196 


Deletion 


[0353] Further, FIG. 34.. .provided between them. 


1197-1198 


Change 


"" changed to "[0354] Further, FIG. 34... provided 
between them." 


1199 


Insertion 


[0355] The present 


1200 


Deletion 


embodiment can also be... substantially no breaks. 


1201 


Deletion 


[0356] FIG. 35 is a view for explaining 



1202 


Change 


"an optical" changed to "The present 
exemplary... illustrating an optical" 


1203 


Change 


"[0357] The shift r is... the equation r = 
t-sinf changed to "" 






"-)/cos() 5 where =... first beam converter 30." 


1204-1214 


Change 


changed to "The shift r is expressed... first beam 
converter 30." 


1215 


Change 


"" changed to "Further, by arranging it... change to 
the beams." 


1216 


Deletion 


[0358] Further, by... change to the beams. 


1217 


Deletion 


[0359] FIG. 36 is a... telescopes switched. 


1218 


Deletion 


[0360] The first... slow axis components. 




\s\ icii iyc 


"" changed to "[0361] FIG. 36 is a... telescopes 1 
switched." 1 


1221 

1 L—C— \ 


w i id j iuu 


"" changed to "The first cylindrical... slow axis 
components." 


1222 


Insertion 


for focusing. As the. . .substantially no breaks. i 


1223 


Deletion 


[0362] As the first... becomes possible. 


1224 


Deletion 


[0363] The present... substantially no breaks. 


1225 


Deletion 


[0364] FIG. 38 is a... and array direction. 




1"^ f~s 1 r\\ \r\f\ 

ueienon 


[0365] The group of beams... use a beam 
compressor. i 


1227-1228 


Change 


"" changed to "[0366] FIG. 38 is a.. .and array 
direction." 


199Q 

I Z.Z.C7 


L/l Idl iy tJ 


"" changed to "The group of beams is... use a 
beam compressor." 


1230 


Deletion 


[0367] The present 


1231 


Change 


"embodiment" changed to "The present exemplary 
embodiment" 


1232 


Change 


"FIG. 40 is a" changed to "[0368] FIG. 40 is a" 


I ZOO 


onange 


"of another embodiment of 1 changed to "of 


another exemplary embodiment of 


1 ZO^f- 1 ZOO 


onange 


"laser device of the present" changed to "laser 
device according to the present" 


I ZOO 


Idl iy fci 


"invention. The point of difference" changed to 
"invention. The difference" 


1237-1238 


Change 


"is that the means for changing" changed to "is 
that the arrangement for changing" 


1239 


Insertion 


groups of beams. The... substantially no breaks. 


1240 


Deletion 


[0369] The present... substantially no breaks. 


1241 


Deletion 


[0370] As explained using... array (first condenser). 


1242-1243 


Change 


", if there is" changed to "[0371] That 
isAs... particular, if there is" 


1244 


Deletion 


[0372] Due to this, it is 


1245 


Change 


"preferable" changed to "Due to this, it may be 







preferable" 


1246 


Change 


"An example of 1 changed to "[0373] An example 
of 


1247 


Deletion 


[0374] With the single... order is possible. 


1248 


Change 


"[0375] FIG. 42 shows the.. .with inclination 
angles" changed to "" 






"" changed to "With the single rotatable... order is 
possible." 


1250-1255 


Change 


"of 1.5°, 3°, and 4.5°,.. .plate P2 (abscissa 2)." 
changed to "FIG. 42 shows the... wedge plate P2 
(abscissa" 


1256 


Deletion 


[0376] When the inclination angle 


1257 


Change 


"" changed to "2)." 


1258-1262 


Change 


"is 3°, the rotation angle... radian is possible." 
changed to "When the inclination... radian is 
possible." 


1263 


Insertion 


However, since the... may be required. 


1264 


Deletion 


[0377] However, since the... ingenuity are required. 


1265 


Deletion 


[0378] However, whatever... more remarkably. 


1266-1267 


V/l 1 CI 1 lyC 


"" changed to "[0379] However, whatever... more 
remarkably." 


1268 


Insertion 


stack array. The optical... in optical paths. 


1269 j 


Deletion 


[0380] The optical... in optical paths. 


1270 


Change 


"The optical" changed to "[0381] The optical" | 


1271 


Deletion 


[0382] The optical . . . first beam converter. 


1272 


Change 


"[0383] Therefore, when. . .at intervals of 
800" changed to "" 


I Z / o 


onange 


"" changed to "The optical elements 32.. .first 
beam converter." 


1274-1276 


Change 


"m and stacked every 1.75.. .of 800 m stacked 
every" changed to "Therefore, when for.. .of 800 
m stacked every" 


1277 


Change 


"However, as" changed to "[0384] However, as" 


1278 


Deletion 


[0385] For this purpose, it is 


1279 


Change 


"sufficient" changed to "For this purpose, it may 
be sufficient" 


1280 


Change 


"To meet with" changed to "[0386] To meet with" 


I ZO I 


ondrige 


"The above optical" changed to "[0387] The 
above optical" 


1282-1283 


V-/ 1 1 CI 1 IVJv 


"principles as shown in U.S." changed to 
"principles as described in U.S." 


1284 


Deletion 


Patent No. 5,513,201. 


1285 


Deletion 


[0388] 


1286 


Change 


"First, there" changed to "5,513,201, the 
entire... reference. First, there" 



1287 


Change 


"in FIG. 53." changed to "in FIG. 53. If 
arranging... rung configuration." 


1288 


Deletion 


[0389] If arranging such... rung configuration. 


1289 


Deletion 


[0390] Such a prism array... as shown in FIG. 55. 


1290 


Deletion 


[0391] If vertically... aligned in parallel. 


•10Q1 19Q9 

i i - 1 zyz 


onange 


"" changed to "[0392] Such a prism array.. .as 
shown in FIG. 55." 


i ^ao 


onange 


"" changed to "If vertically stacking... aligned in 
parallel." 




ondnge 


"in parallel." changed to "in parallel. Further, 
the... reflection mirrors." 


1295 


Change 


"" changed to "When using reflection. ..etc. may 
be used." 


1296 


Deletion 


[0393] Further, the... reflection mirrors. 


1297 


Deletion 


[0394] When using... etc. may be used. 


1298 


Deletion 


[0395] Fine optical... mirror surfaces. 


19QQ i^nn 


ondnge 


"" changed to "[0396] Fine optical... mirror 
surfaces." 


1301 


Deletion 


[0397] FIG. 58 is a view. ..a suitable distance. 


1302 


Deletion 


[0398] The flat beams... from the emission faces. 


1 OUO" 1 OUH 


oi idi iyt2 


"" changed to "[0399] FIG. 58 is a view.. .a 
suitable distance." 


1305 


Change 


"" changed to "The flat beams striking... from the 
emission faces." 


1306 


Deletion 


[0400] FIG. 59 shows a... of cylindrical lenses. 


1307 


Deletion 


[0401] The optical... from the emission faces. 


1308 


Deletion 


[0402] By using the first... arranged in parallel. 


i ouy- 1 o iu 


onange 


"" changed to "[0403] FIG. 59 shows a.. .of 
cylindrical lenses." 


Toll 


unange 


"" changed to "The optical elements are... from the 
emission faces." 


I O I ^ 


oncinge 


"" changed to "By using the first beam... arranged 
in parallel." 


I O I o 


onange 


"FIG. 60 shows" changed to "[0404] FIG. 60 
shows" 


1314 


Insertion 


of FIG. 59. When the... match with the stripes. 


1315 


Deletion 


[0405] When the array of... match with the stripes. 


I O I 0 


onange 


"FIG. 61 shows" changed to "[0406] FIG. 61 
shows" 


1317 


Chanae 


"positions." changed to "positions. Therefore,... a 
reflective coating." 


1318 


Insertion 


The beam converter may... utilizing diffraction. 


1319 


Deletion 


[0407] Therefore, the... a reflective coating. 


1320 


Deletion 


[0408] The beam converter... to the center axes. 


1321-1322 


Change 


"" changed to "[0409] FIG. 62 is a view.. .to the 







center axes." 


1323 


Insertion 


emission face. Such a... be produced using dies. 


1324 


Deletion 


[0410] Such a binary... be produced using dies. 


1325 


Deletion 


[0411] FIG. 63 shows a.. .to the side faces. 


1 O^O - 1 0£. 1 


\j\ idi lyt? 


'"• changed to "[0412] FIG. 63 shows a... to the 
side faces." 


1328 


f^hannp 

V/l 1 CI 1 l^w 


"FIG. 64 shows" changed to "[0413] FIG. 64 
shows" 


1329 


Insertion 


outsides. The two... in flat axes about 90°. 


1330 


Deletion 


[0414] The two surfaces. ..in flat axes about 90°. 


1331 


Deletion 


[0415] FIG. 65 is a... a plan view of the same. 


1332 


Deletion 


[0416] If the anamorphic... the anamorphic prism. 


1333 


Deletion 


[0417] As shown in the... not change in direction. 


I oo4- I ooO 


onange 


"" changed to "[0418] FIG. 65 is a.. .a plan view of 
the same." 


I OOO , 


ldliy t? 


"" changed to "If the anamorphic prism... the 
anamorphic prism." 


I OO f 


Ul Idl iy t? 


"" changed to "As shown in the... not change in 
direction." 


1338 


Insertion 


single row. Further, if... one anamorphic prism. 


1339 


Deletion 


[0419] Further, if... one anamorphic prism. 


1340 


Deletion 


[0420] The second beam... the beam compressor 
40. 


1341 


Deletion 


[0421] When not using the.. .first beam converter. 


I OH-£- I OHO 


Phanno 

oi idi lyt? 


"" changed to "[0422] The second beam... the 
beam compressor 40." 


1^44 


vi icii iy v> 


"" changed to "When not using the first... first 
beam converter." 


1345 


Insertion 


single row. The above... first beam converter. 


1346 


Deletion 


[0423] The above optical... first beam converter. 


1347 


Change 


"First, there" changed to "[0424] First, there" 


1348 


Insertion 


single row. Such a... as shown in FIG. 70. 


1349 


Deletion 


[0425] Such a.. .as shown in FIG. 70. 


1350 


Deletion 


[0426] The three... first beam converter. 


1351 


Deletion 


[0427] Further, the... reflection mirrors. 


1352-1353 


Change 


"" changed to "[0428] The three... first beam 
converter." 






"" changed to "Further, the optical... reflection 
mirrors." i 


1355 


Change 


"FIG. 72 is a" changed to "[04291 FIG. 72 is a" | 


1356 


Change 


"The compressed" changed to "[0430] The 
compressed" 


1357 


Insertion 


emission faces. By using... rungs to be identical. 


1358 


Deletion 


[0431] By using the... rungs to be identical. 



1359 


Deletion 


[0432] FIG. 73 shows a... to the horizontal plane. 






[0433] The compressed row... from the emission 
faces. 


1 OU 1 1 OUl 


\s\ icii iyt? 


changed to "[0434] FIG. 73 shows a... to the 
horizontal plane." 


I JUO 


V-/I idi iy t? 


"" changed to "The compressed row of... from the 
emission faces." 


1364 


Chanae 

N-/ 1 Id 1 IM w 


"FIG. 74 shows" changed to "[0435] FIG. 74 
shows" 


1365 


Change 


"FIG. 75 shows" changed to "[0436] FIG. 75 
shows" 


1366 


Insertion 


cross-section. When... coating in advance. 


1367 


Deletion 


[0437] When joining... coating in advance. 


1368 


Deletion 


[0438] FIG. 76 shows a... and emission faces. 


1369-1370 


vl ICII 


"" changed to "[0439] FIG. 76 shows a... and 
emission faces." 


1371 


Change 


"FIG. 77 shows" changed to "[0440] FIG. 77 
shows" 


1372 


Insertion 


inclined by 45°. A row... 90° in cross-section. 


1373 


Deletion 


[0441] A row of parallel... 90° in cross-section. 


1374 


Deletion 


[0442] FIG. 78 shows a... the optical glass plate. 


1375-1376 


Change 


"" changed to "[0443] FIG. 78 shows a.. .the 
optical glass plate." 


1377 


Insertion 


[0444] As explained above, 


1378 


Deletion 


the present invention can... the laser beams falls. 


1379 


Deletion 


[0445] 


1380 


Chanae 


"" changed to "As described above, the... the laser 
beams falls." 


1381 


Insertion 


incidence side. ...occurrence of ghosts. 


1382 


Deletion 


[0446] Due to this, it is... occurrence of ghosts. 


1383 


Deletion 


[0447] FIG. 80 shows the... an integral structure. 


1384 


Deletion 


[0448] Note that FIG. 80... lens is 0.3 mm. 1 


1385 


Deletion 


[0449] It should be noted... lenses at a slant. 


1386-1387 


Change 


"time, the output" changed to "[0450] At the 
presentFIG....At that time, the output" 


1388 


Deletion 


larger output is necessary. 


1389 


Deletion 


[0451] Therefore, in the... to increase the output. 


1390 


Deletion 


[0452] That is, in 


I OS I 




"the present" changed to "maybe needed. ...of the 
present" 


1392 


Change 


"FIG. 81 shows" changed to "[0453] FIG. 81 
shows" 


1393 


Change 


"(polarization prism)." changed to "(polarization 
prism). . . . laser diode stack array." 


1394 


Change 









changed to "Further, FIG. 83 shows... laser ! 
diode stack array." 


1395 


Insertion 


Further, FIG. 84 shows... laser diode stack array. 


1396 


Deletion 


[0454] FIG. 82 shows the... laser diode stack array. 


1397 


Deletion 


[0455] Further, FIG. 83. ..laser diode stack array. ! 


1398 


Deletion 


[0456] Further, FIG. 84... laser diode stack array. 


1399 


Deletion 


[0457] Further, in the.. .groups of laser beams. 


1400 


Deletion 


[0458] In this case, it... as the optical device. 


1401-1402 


Change 


"the present" changed to "[0459] Further,... of the 
present- 


1403 


Insertion 


laser beams. In this... large output laser beam. 


1404 


Deletion 


[0460] In this way, it is... large output laser beam. 


1405 


Change 


"FIG. 43 is a" changed to "[0461] FIG. 43 is a" 




Hhannp 

ul idl iyC7 


"laser device of the present" changed to "laser 
device according to... of the present" 


1407 


Insertion 


laser 95 . A conventional. . .laser is possible. 


1408 


Deletion 


[0462] A conventional... laser is possible. 


1409 


Hhannp 
vi idi ly c 


"The semiconductor" changed to "[0463] The 
semiconductor" 


1410 


ui iai iyc 


"laser device of the present" changed to "laser 
device according to... of the present" 


1411 


Insertion 


same object. Further,... laser element 96. 


1412 


Deletion 


[0464] Further, the... laser element 96. 


141^ 


oi idl ly c 


"The semiconductor" changed to "[0465] The 
semiconductor" 


1414 


Chanae 


"laser device of the present" changed to "laser 
device according to. ..of the present" 


1415 


Insertion 


laser 95. As the. ..may also be utilized. 


1416 


Deletion 


[0466] As the solid-state... may also be utilized. 


1417 


Change 


"Further, the" changed to "[0467] Further, the" 


1418 


Change 


"FIG. 45 is a" changed to "[04681 FIG. 45 is a" 


1419 


Deletion 


[0469] Due to the length... to the target location. 


1420 


Change 


"[0470] Note that a laser. . .a core diameter of 
400" changed to "" 




V-/I idl iy" 


"m achieves an efficiency of 60%." changed to 
"Due to the length and... an efficiency of 60%." 


1424 


Change 


"FIG. 47 is a" changed to "[04711 FIG. 47 is a" 


1425 


Channp 


"The output part" changed to "[0472] The output 
part" 


1426 


Change 


"[0473]" changed to "" 


1427 


Insertion 


becomes easy. The optical... laser element. 


1428 


Deletion 


[0474] The optical fiber... laser element. 


1429 


Deletion 


[0475] FIG. 49 is a... view of the same. 


1430-1431 


Change 


"" changed to "[0476] FIG. 49 is a.. .view of the ; 







same." 


1432 


Deletion 


CLAIMS 


1433 


Deletion 


A semiconductor laser device provided with: 




uciciiuri 


1 . a laser diode stack. . .a two-dimensional 
array; 


1 tOJ 


L^tMdlUI 1 


2. a first condenser (20). . .to said first 
direction; 




L/tJItJUUI 1 


3 . a first beam converter. . .direction for every 
row; 


1437 


Deletion 


4. a second condenser... of the optical axes; 


1438 


Deletion 


5. a first beam., .plurality of rows; and 






6. a third condenser (70). . .beam compressor 
(40). 


1440 


Deletion 


A semiconductor laser device provided with: 


1441 


Deletion 


7. one of a laser diode... in a plurality of rows; 




L/clcUUI 1 


8. a first condenser (20). . .to said first 
direction; 


144^ 


Hplptinn 


9. a first beam converter. . .of laser beams as 
units; i 


1444 


Deletion 


10. a second condenser. . .of the optical axes; 


1445 


Deletion 


11. a first beam. . .plurality of rows; and ; 


1446 


Deletion 


12. a third condenser... beam compressor (40). 


1447 


Deletion 


A semiconductor laser device provided with: 




LJtMtiUUI 1 


13. a laser diode stack. . .a two-dimensional 
array; 


1449 


Deletion 


14. a first condenser... to said first direction; 


1450 


Deletion 


15. a first beam. . .direction for every row; 


1451 


nplptinn 


16. a second condenser. . .direction for every 
row; 


1452 


Deletion 


17. a first beam... the plurality of rows; 


1453 


Deletion 


18. an angle changer. . .the same obj ect; and 


1454 


Deletion 


19. a third condenser. . .in center optical axes. 


1455 


Deletion 


A semiconductor laser device provided with: 


1456 


Deletion 


20. one of a laser diode. . .in a plurality of rows; 


1457 


Deletion 


21. a first condenser. . .to said first direction; 


1458 


Deletion 


22. a first beam. . .of laser beams as units; 


1459 


Deletion 


23 . a second condenser. . .direction for every 
row; 


1460 


Deletion 


24. a first beam. . .the plurality of rows; 


1461 


Deletion 


25. an angle changer... the same object; and 


1462 


Deletion 


26. a third condenser. . .group of laser beams. 


1463 


Deletion 


27. A semiconductor laser. . .are formed 
integrally. 


1464 


Deletion 


A semiconductor laser device provided with: 



1465 


Deletion 


28. a laser diode stack. . . a two-dimensional 
array; 


1466 


Deletion 


29. a first condenser... to said first direction; 


1467 


Deletion 


30. a first beam.. .direction for every row; 


1468 


Deletion 


31. a second condenser. . . for every row; and 


1469 


Deletion 


32. a third condenser. . .distance between rows. 


1470 


Deletion 


A semiconductor laser device provided with: 


1471 


Deletion 


33. one of a laser diode. ..in a plurality of rows; 


1472 


Deletion 


34. a first condenser. . .to said first direction; 


1473 


Deletion 


35. a first beam... of laser beams as units; 


1474 


Deletion 


36. a second condenser. . .for every row; and 


1475 


Deletion 


37. a third condenser. . .distance between rows. 


1476 


Deletion 


A semiconductor laser device provided with: 


1477 


L/tJlCULM 1 


38. a laser diode stack. . . a two-dimensional 
array; 


1478 


Deletion 


39. a first condenser. . .to said first direction; 


1479 


Deletion 


40. a first beam. . .direction for every row; 


1480 


npipfinn 


41. a second condenser. . . direction for every j 
row; 


1481 


Deletion 


42. a fourth condenser... between rows; and 


1482 


Deletion 


43 . a third condenser. . . fourth condenser (71) 


1483 


Deletion 


A semiconductor laser device provided with: 


1484 


Deletion 


44. one of a laser diode. . .in a plurality of rows; 


1485 


Deletion 


45. a first condenser... to said first direction; 


1486 


Deletion 


46. a first beam. . .of laser beams as units; 


1487 


npipfinn 


47. a second condenser. . .direction for every 
row; 


1488 


Deletion 


48. a fourth condenser... between rows; and 


1489 


Deletion 


49. a third condenser... fourth condenser (71). ! 


1490 


Deletion 


50. A semiconductor laser... the same object. 


1491 


Deletion 


A semiconductor laser device provided with: 


1492 


npipfinn 


51. a laser diode stack. . .a two-dimensional 
array; 


1493 


Deletion 


52. a first condenser... to said first direction; | 


1494 


Deletion 


53. a first beam. . . direction for every row; i 


1495 


Dplptinn 

L/CICUUI 1 


54. a second condenser. . .direction for every 
row; 


1496 


Deletion 


55. a first beam. ..the plurality of rows; 


1497 


Deletion 


56. a second beam. . .the plurality of rows; 


1498 


Deletion 


57. a fourth condenser. . . second direction; and 


1499 


Deletion 


58. a third condenser... fourth condenser (60). 


1500 


Deletion 


A semiconductor laser device provided with: 


1501 


Deletion 


59. one of a laser diode. . .in a plurality of rows; 


1502 


Deletion 


60. a first condenser... to said first direction; 



1503 


Deletion 


61. a first beam... of laser beams as units; 


1504 


Deletion 


62. a second condenser. . .direction for every 
row; 


1505 


Deletion 


63. a first beam... the plurality of rows; 


1506 


Deletion 


64. a second beam. . .the plurality of rows; 


1507 


Deletion 


65. a fourth condenser... second direction; and 


1508 


Deletion 


66. a third condenser. . .fourth condenser (60). 


1509 


Deletion 


A semiconductor laser device provided with: 


1510 


nplpfinn 


67. a laser diode stack. . .a two-dimensional 
array; 


1511 


Deletion 


68 . a first condenser. . .to said first direction; 


1512 


Deletion 


69. a first beam. . .direction for every row; 


1513 


Dplption 


70. a second condenser. . .direction for every 
row; 


1514 


Deletion 


71. a first beam. . .the plurality of rows; 


1515 


Deletion 


72. a second beam. . .the plurality of rows; 


1516 


Deletion 


73. an angle changer... optical axis angles; and 


1517 


Deletion 


74. a third condenser. . .group of laser beams. 


1518 


Deletion 


A semiconductor laser device provided with: 


1519 


Deletion 


75. one of a laser diode... in a plurality of rows; 


1520 


Deletion 


76. a first condenser... to said first direction; 


1521 


Deletion 


77. a first beam... of laser beams as units; 


1522 


Deletion 


78. a second condenser. . .direction for every 
row; 


1523 


Deletion 


79. a first beam... the plurality of rows; 


1524 


Deletion 


80. a second beam. . .the plurality of rows; 


1525 


Deletion 


81. an angle changer. . .optical axis angles; and 


1526 


Deletion 


82. a third condenser. . .group of laser beams. 






83. A semiconductor laser. . .second beam 
compressor. 


1528 


Deletion 


84. A semiconductor laser. . .said second 
direction. 


1529 


Deletion 


A semiconductor laser... further provided with: 


1530 


Deletion 


85. a second beam . . . second direction and 


1531 


Deletion 


86. an angle changer. . .the same object. 


1 Gil? 


ueieiion 


87. A semiconductor laser. . .laser beams of each 
row. 


1 ooo 


ueiexion 


88 . A semiconductor laser. . .is a cylindrical 
lens. 


1534 


Deletion 


89. A semiconductor laser. . .direction for each 
row. 


1535 


Deletion 


90. A semiconductor laser. . .direction for each 
row. 


1536 


Deletion 


91. A semiconductor laser. . .of cylindrical 







lenses. 


1537 


Deletion 


A semiconductor laser device provided with: 


1538 


Deletion 


92. a laser diode stack. . .a two-dimensional 
array; 


1539 


Deletion 


93. a first condenser... to said first direction; 


1540 


Deletion 


94. a second beam. . .said second direction; 


1541 


Deletion 


95. a first beam... of laser beams as units; 


1542 


Deletion 


96. a first beam... in said first direction; 


1543 


Deletion 


97 . a second condenser. . . second direction; and 


1544 


Deletion 


a third condenser (70)... group of laser beams. 


1545 


Deletion 


98. A semiconductor laser device provided 
with: 


1546 


Deletion 


99. one of a laser diode. . .in a plurality of rows; 


1547 


Deletion 


1 00. a first condenser. . .to said first direction; 


1548 


Deletion 


101 . a second beam... said second direction; 


1549 


Deletion 


102. a first beam... of laser beams as units; 


1550 


Deletion 


1 03 . a first beam. . .in said first direction; 


1551 


Deletion 


1 04. a second condenser. . .second direction; and 


1552 


Deletion 


105. a third condenser. . .group of laser beams. 


1553 


Deletion 


1 06. A semiconductor. . .said second direction. 


1554 


Deletion 


1 07. A semiconductor. . .is a cylindrical lens. 


1555 


Deletion 


1 08. A semiconductor. . .the same object. 


1556 


Deletion 


1 09. A semiconductor. . .array of wedge prisms. 


1557 


Deletion 


110. A semiconductor. . .of cylindrical lenses. 


1558 


Deletion 


111. A semiconductor. . .type reflection mirror. 


1559 


Deletion 


112. A semiconductor. . . anamorphic prism pair. 


1560 


Deletion 


113. A semiconductor. . .two-dimensional lenses. 


1561 


Deletion 


114. A semiconductor. . .parabolic mirror. 


1562 


Deletion 


115. A semiconductor. . .of cylindrical lenses. 


1563 


Deletion 


116. A semiconductor... said second direction. 


1564 


Deletion 


117. A semiconductor. . .least one wedge plate. 


1565 


Deletion 


118. A semiconductor. . .each provided with: 


1566 


Deletion 


119. a receiving part for. . .axes as first axes, 


1567 


Deletion 


120. an optical system... right angles, and 


1568 


Deletion 


121. an emission part for. . .said optical system, 


1569 


Deletion 


122. said optical... on the same planes. 


1570 


Deletion 


123. A semiconductor. . .to the horizontal plane. 


1571 


Deletion 


1 24. A semiconductor. . .as said beam converter. 


1572-1574 


Deletion 


125. A semiconductor... as a beam converter. 


1575-1577 


Deletion 


1 26. A semiconductor. . .as a beam converter. 


1578 


Deletion 


127. A semiconductor. . .predetermined distance. 


1579 


Deletion 


128. A semiconductor... predetermined distance. 


1580 


Deletion 


129. A semiconductor... incidence side lenses. 


1581 


Deletion 


130. A semiconductor. . .incidence optical axis. 



1582 


Deletion 


131. A semiconductor. . .incidence optical axis. 


1583 


Deletion 


132. A semiconductor. . .incidence side lenses. 


1584 


Deletion 


133. A semiconductor... 90° in cross-section. 


1585 


Deletion 


1 34. A semiconductor. . .90° in cross-section. 


1586 


Deletion 


135. A semiconductor... inclined by about 45°. 


1587 


Deletion 


136. A semiconductor... axes inclined about 45°. 


1588 


Deletion 


137. A semiconductor... 90° in cross-section. 


1589 


Deletion 


138. A semiconductor. . .to a horizontal plane. 


1590 


Deletion 


139. A semiconductor. . .to a horizontal plane. 


1591 


Deletion 


1 40. A semiconductor. . . further to the outsides. 


1592 


Deletion 


141 . A semiconductor... of said condensers. 


1593 


Deletion 


1 42 . A semiconductor. . . after said condenser. 


1594 


Deletion 


143. A semiconductor. . . after said condenser. 


1595 


Deletion 


144. A semiconductor... a polarization element. 


1596 


Deletion 


145. A semiconductor. . . laser diode stack array. 


1597 


Deletion 


146. A semiconductor. . . laser diode stack array. 


1598 


Deletion 


147. A semiconductor... laser diode stack array. 


1599 


Deletion 


148. A semiconductor... is a dichroic mirror. 


1600 


Deletion 


149. A semiconductor. . .of said third condenser. 


1601 


Deletion 


1 50. A semiconductor. . .a rare earth element. 


1602 


Deletion 


151. A semiconductor. . .of said third condenser. 


1603 


Deletion 


152. A semiconductor. . .of said focal point. 


1604 


Deletion 


153. A semiconductor. . . a rare earth element. 


1605 


Deletion 


ABSTRACT OF THE DISCLOSURE 


1606 


Deletion 


A semiconductor laser... to a single image. 
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